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ACCESSOR Y FO OBt^^FACTORS 

IXTEODUCTION. 

That substances prominent parr in nutrition could have 

eluded discovery until the ariival of the present decade seemed 
a short time ago to be quite unlikely : sufiiciently unlikely at any 
rate to induce scepticism to^vards the subject of this monograph. 
Nevertheless, vhile any recognition of the existence and functions 
of such accessory food constituents as those now termed vitamines 
is new to the science of nutrition, the facts already available seem 
to compel belief in their reality and importance. True, there is at 
present no knovdedge concerning their actual chemical nature, but 
the study of their functions is progressing on real and objective 
lines, and has become in certain cases even quantitative. 

As food constituents the vitamines are characterized by a dis- 
proportion between the apparent importance of their functions 
and the amounts in which they are normally consumed. They are 
present in quantities far too small to constitute any appreciable 
contribution to the energy supply of the body. dVhether they 
ultimately prove to be structural components of living tissues of 
which a supply is essential even though quantitatively unimportant, 
or whether {as is equally possible) they are found to act rather as 
catalysts in certain normal processes of metabolism, it seems certain, 
because they function in such small amounts, that they must be 
put in a nutritive category different from any which would comprise 
the better-known foodstuffs such as proteins, fats, and carbohydrates. 
As already admitted their actual nature is unknown, though much 
information has been acquired as to their distribution and relations 
as w^ell as clear evidence that at least three members of the class 
exist, each with its special function in nutrition. 

What can be said precisely at present is that if minute amounts 
of certain constituents are removed from natural foods, such foods 
wholly fail to support nutrition, and grave symptoms of actual 
disease may supervene. The failure and the st'mptoms may be 
prevented — or the animal restored to health — by the replacement 
of what was removed from the food, or by adding an equally small 
supply from other sources. The constituents that can be so removed 
are (or rather, contain) Autamines. All the nutritional phenomena 
obserA’ed in connexion with these substances are due to the influence 
of amounts of actual material so small as to suggest that their 
functions are of a nature quite distinct from those of proteins or of 
foods Avhich supply energy. It is not surprising that common 
experience should haA’e failed to take note of dietetic factors such 
as these. The vitamines are always present in natural foodstuffs 
as instinctff'ely consumed by men and animals. There is eA’idence 
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to suggest that they a.re formed only in the tissues of plants, whence 
they pass into the tissues of herbivorous animals and thus become 
available for ca/rnivora. 'Their distribution in the tissues of either 
plants or animals may be partial and irregular, out broadly speaking 
it is safe to say that the individual aH-ays finds a sufficient supply 
of vitamines in his food so long as that food is reasonably varied 
and has received no crrtihcial or accidental separation into parts, 
and so long as no destructive influence has been apijlied to it. 

In the observation of phenomena the importance of contributory 
factors is often overlooked imtil the effects of their removal come 
to light. In the case of vita-mines and their functions, demonstration, 
so far as it depended upon observation, first came when commercial 
adventure or other human enterprise had led to the preparation 
and consumption of foods in Vvdiich the natural materials had been 
fractionated for the sake of taste, appearance, or convenience, or 
treated (over-heated, for example) for preservative purposes. Owing 
on the one ha,nd to the partial and irregular distribution of vitamines . 
in the natural products, or on the other hand to their instability, it 
may happen that by these processes they are removed or destroyed. 

Safety in this connexion is evidently greater when a variety of 
foods is consumed. In countries where geographical conditions 
prevent such variety the danger is more imminent. It is a fact at 
any' rate that the most striking evidence for the evil effects of the 
artificial treatment of locd came from rice-eating districts of the East 
when they had been invaded by milling machinery from the West. 
Those who recognize beri-beri as a deficiency disease have good 
evidence both for the eril effects of fractionating natural foodstuffs 
such as the cereals, and for the nutritive importance of what we have 
agreed to call accessory factors. 

The evidence from disease would have led sooner to a conception 
of these food constituents and their functions but for a not unnatural 
bias in thought. It is difficult to implant the idea of disease as due 
to deficiency. 

Disease is so generally associated with positive agents — the 
parasite, the toxin, the materies inorhi — that the thoudit of the 
pathologist turns naturally to such positive associations and 
to believe with difficulty in causation prefixed by a mums sign. 
Even in connexion with deficiencies arising within the body there 
is or was a similar tendency. When the importance of internal 
secretions was first recognized there seemed to be much hesitation 
in believing that symptoms might be frankly due to their failure. 
When each fresh internal secretion was described there was always 
an effort to show that its function was to ‘ neutralize ' some, always 
hypothetical, toxic substance. Symptoms, on this view, were due 
to the unmasking of a deleterious agent rather than to simple 
deficiency in a normal and necessary agent. To distinguish between 
these two possibilities vras of course a scientific duty ; but, at any 
rate in the earlier literature of internal secretions, a bias against 
the simpler view interfered with the fair interpretation of experimental 
results. 

So in connexion with the newer conception of disease as due to 
dietetic deficiencies. Even when Eijkman, through his admirable 



studies, had clearly established more than t^venty years ago that 
beri-beri arose during the consumption of decorticated and not of 
Tvhole rice (making it clear, therefore, that something in the cortex 
^'as necessary to normal nutrition he ^^'as led to suggest, not the simple 
xiev: that the cortical substance" ^’as of direct use to the body but 
rather that it vras necessary to neutralize the otherwise deleterious 
effect of a diet over-rich in starch. Save for the mental bias just 
referred to it is very difficult to see why so roundabout an explanation 
should have been thought necessary. Its effect in every case has 
certainly been to delay the recognition of deficiency diseases and 
indirectly also to delay the realization of the functions of what, for 
lack of a better term, have been called vitamines. 

Fortunately in connexion with deficiency diseases it has proved 
possible by the choice of suitable animals to supplement clinical and 
sociological" observation by experiments. As usual experimental 
work has made our knowledge more quantitative. The discovery, 
for instance, of avian polyneuritis and its relation to beri-beri by 
Eijkinan and the demonstration by Axel Holst that the guinea-pig 
easily develops the symptoms of scurvy and at the same time responds 
readily to anti-scorbutic treatment have made possible experimental 
work upon sound and illuminating lines. In this country the work 
done in connexion with beri-beri and scurvy at the Lister Institute 
has shown the value of experiments essentially quantitative in kind. 
Work on rickets now being carried out at Cambridge has further 
shown the value of experiment as a supplement to clinical observation 
when dietetics are concerned. This investigation seems to leave no 
doubt that a deficiency in the food, almost certainly involving a factor 
of the vitamine type, plays a fundamental part in the etiology of 
the disease. 

If, however, the evidence for the existence and importance of 
vitamines had arisen entirely from the study of deficiency diseases 
our views might have remained too limited, too much confined to 
the standpoint of pathology and therapeutics. But in the very 
years during which the etiology of beri-beri was being cleared up 
and the suggestion established that a quantitative food deficiency 
may be responsible for striking symptoms, expeiim^nts were in 
XDrogress on quite independent lines to show that something other 
than a supply of energy and protein is required to maintain so 
fundamentfcil a physiological phenomenon as growth, and to demon- 
strate that normal metabolism as a whole is not possible without the 
influence of food constituents which because of their minute amount 
could justifiably be spoken of as ' accessory * factors jn nutrition. 

From such experiments then the conceptipjr of the vitamine 
also arose, and at the present time the evidence from all kinds of 
feeding experiments, whether carried nut' from the physiological or 
pathological standpoint, is beipg- consolidated. Li this country 
valuable contributions to the research are being made at Cambridge, 
the Lister Institute, the Cancer Hospital, and elsewhere. The 
work of lIcCollum and of Osborne and Mendel in the United States 
has made it clear That at least two substances of the vitamine type 
are concerned in growth, one of them being probably identical with 
the antineuritic substance discovered in connexion with beri-beri, 



while abundant evidence shows that the antiscorbutic factor is 
distinct from either of these. 

There is no occasion for surprise in the circumstance that students 
of normal metabolism have, like the pathologist, failed until recentlv 
to recognize the existence of such substances in the food. Nearly 
all the classical experiments have been made upon diets containing 
natural foods, the content of protein, fat, and carbohydrate being 
calculated from analysis. Not until these constituents had been 
thoroughly purified and animals fed upon ' synthetic ’ dietaries 
made up of such purified materials could the suggestion arise that 
the familiar basal constituents of food were not by themselves 
capable of maintaining hie. 

A point of interest arises here which is suificiently cognate to the 
subject -©f this monograph to justify some reference to it. The 
tissues contain, of course, many known organic constituents other 
than proteins, fats, and carbohydrates. It is clearly a question 
whether any of them, or the constituent' groups of any of them, 
must be supplied in diet. At one time or another many observa- 
tions have been made to determine this point. The result of adding 
certain of these known constituents has sometimes seemed to be 
positive — ^in the sense of increasing growth, or of improving meta- 
bohsm — but the evidence has never been striking or even unequivocal. 

Now feeding experiments, such as those which have brought to 
light the necessity for a vharnine supply, seem to have proved at 
the same time that all hioicn tissue constituents can be synthesized 
from the ammo-acids of protein with the other basal foodstuffs. 
For, with their vitamine supply secured, animals in great numbers 
have now been shown to develop normally upon a diet containing 
only pure protein, fats, carbohydrates, and salts. We must believe, 
therefore, that substances such as the nucleic acids, thephosphatides, 
and other complex phosphorus compounds, creatine and the other 
bases in muscle, as well as many other necessary tissue constituents, 
must be synthesized from the basal foodstuffs. The vitamine? may 
of course be themselves indispensable tissue elements in the structural 
sense : exceptional in that they cannot be synthesized in the animal. 
If 30 it would seem that they share that characteristic with certain of 
the amino-acids of the protein and with those alone. To some, on the 
other hand, it seems probable that the functions of vitamines are in 
essence dynamic and catalytic, though the point remains unproven.^ 

The purpose of the present monograph is to present in a collected 
form the essential facts concerning these accessory diet factors so 
far as tney are at present known. It is hoped that it will be found, 
in particular, to make readily available information which is aheadv 
capable of practical application. 

The practical importance of the facts will not be understood 
unless it be recognized that a deficiency in food, which when complete 
or extreme leads to actual disease, may. when onlv relative, be 
responsible for ill health of a vague but sdll importanf kind. 

bacjT 1911. when Hopkins aescribed his own experiments to a meeting 
of the Biochemical society 'then the Biochemical Ciub, the^ubserruent discussioS 
ranged chiedy round this point. The opinion of these who rook part in the discussion 
was almost entirely m favour of the view that the functicn of such accessor v food 
factors 'as he termed them) must he that of stimulants rather than structural units 



CHAPTER II 


ACCESSOEY FACIOES AND GEOWTH. 

The growth of a young animal is believed to be determined by 
two factors. One of these is what has been termed the growth 
impulse. This is inborn, and represents the power to grow possessed 
by individuals of the particular species. It has not yet been 
possible to resolve and identif\’ the multiplicity of factors which 
operate to determine the magnitude of the growth impulse, but it 
may be safely said that the chief variations are those introduced 
by hereditary influences. 

The growth impulse may therefore be termed the internal factor 
which controls growth and development. The second factor, which 
may be designated the external factor, must also be regarded as 
multiple, and is represented by the summation of those external 
conditions which influence growth. Of the many factors which 
together constitute this external influence the most important is, 
without question, the food supply. 

Neither of these fundamental factors can be regarded as inde- 
pendent of the other. The growth impulse, predetermined by 
evolutionary and hereditary influences, represents the power to 
grow inherent in the fertilized ovum, but this is in itself powerless 
to promote actual grow'th unless assisted by the co-operation of the 
external factor. 

On the other hand, the external factor, which for our purpose 
may be identified with the food supply, cannot stimulate growth 
beyond those limits which are predetermiued by the growth impulse. 
It will, therefore, be realized what fundamental importance is to 
be attached to a full understanding of the food requirements of the 
animal body during the period of growth, since these represent the 
chief factors w'hich are under voluntary control. 

For many years past it has been customary to estimate the 
nutritive requirements of the animal organism in terms of what 
have been for long regarded as the four fundamental food units, 
namely protein, carbohydrate, fat, and inorganic material, and to 
underestimate, if not entire!}’ neglect, the possible significance of 
other less clearly defined dietary constituents. 

As a result of this narrow conception, w’e find that only within 
the last decade has research on animal nutrition advanced beyond 
the stage when primary importance was attached to the results 
yielded by elaborate studies of the nitrogen, energy, and mineral 
exchanges. T^Tiilst acknowledging the great value of the many 
fundamental principles which have been deduced from such results, 
much that is misleading and inaccurate has undoubtedly followed 
from the attempt to aUocate to every foodstuff a nutritive value 
estimated solely in terms of digestible protein, fat, carbohydrate, and 
salts. It is only necessary to consider the methods by which no 
inconsiderable proportion of this valuation has been made in order 
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to appreciate how these errors have arisen : thus, for example, 
‘protein' is still computed in rnpaiy cases from determinations of 
total nitrogen, t^ithout any attention being paid to the character of 
the nitrogen-containmg substances actually present in the foodstuffs : 
whilst the true nature oi the substances frequently estimated as 
‘ fat ' is almost invariably disregarded. 

The sole justiffcation for assummg that proteins, fats, carbo- 
hydrates, and salts are all that is necessary for the nutritive require- 
ments of the body can only come from a successful experiment in 
which an animal has shown a normal development and standard of 
nutrition throughout its life cycle upon a diet composed of these 
units in a pure condition. 


Early Expepjmxxts with Purified Diets. 

Many attempts have been rnade to accomplish this, although it 
was not an experiment of this nature that led to the first suggestion 
being advanced that in addition to these recognized dietary units 
other substances existed, which were equally indispensable for life. 
This suggestion was made by Lunin as far back as 1S51 (1). He was 
investigating at the time the significance of inorganic salts in the 
nutrition oi the animal, and as a result of some of his experiments 
found that w’hereas adult mice could live for several months in good 
health on a diet of milk, they invariably died within a month if they 
received a ration composed oi wmat he beheved to be the essential 
ingredients of milk, namely, caseinogen, milk-fat, milk-sugar, and 
the ash of milk. Commenting upon his experiments, he remarked : 

* Mice can live quite well under these conditions when receiving 
suitable foods 'e. g. milk}, but as the above experiments demonstrate 
that they are unable to live on proteins, fats, carbohydrates, salts, 
and water, it follows that other substances indispensable for nutrition 
must be present in milk besides caseinogen, fat, lactose, and salts.' 

In spite of the fact that this conclusion vras given considerable 
publicity in the widely-read pages of Professor Bunge's Textbook of 
Physiological and Pathological Chemistry, it does not appear to have 
attracted the attention it merited. 

A number of investigators since Lunin's time have attempted to 
supply the nutritive requirements of animals, usually rats and mice, 
by means of artificial diets composed of mixtures of proteins, fats, 
carbohydrates, and inorganic salts, but it was found exceedingly 
difficult even to keep the animals ahve for any appreciable time 
upon such diets. In practically every case, no matter how carefully 
the composition of the diets had been planned so as to provide what 
was considered an adequate and well-balanced supply of the neces- 
food units, the animals showeci a steady decline in weight and 
health throughout the course oi the experiments, and seldom sur- 
vived for any appreciable length oi time. 

A valuable review of these earher experiments is given in the 
monograph by Osborne and Mendel [2). which should be consulted 
for fuUer details. Many suggestions were advanced to explain the 
repeated failures. By some it was considered that the monotony 
of the diet was in itself sufficient to bring about ultimate nutritive 



failure : a- vie’tV that vras cii^ciilt to reconcile '.viili the fact that 
animals have been successfully reared and maintained at a normal 
standard of nutrition tor considerable periods upon equally mono- 
tonous diets of single foodstuffs such as milk and egg-yolk '8, 4). 

Another explanation frequently put forward was that the absence 
of flavouring agents from the artificial diets induced loss of appetite, 
with a consequent failure to partake of suincient food to satisfy the 
nutritive requirements for maintenance (5 . Attempts were there- 
fore made to increase the palatability of the rations by the addition 
of devouring substances, but in spite of this, the experimental 
animals still failed to dourish. 

Eeference must, however, be made to the experiments of Eohmann, 
who has done much pioneer work in this field of research. This 
investigator claimed to have been able to satisiy the nutritive 
requirements of mice with rations prepared by mixing a number of 
isolated and ’ purified ' food components (6\ His animals not only 
showed increases of body weight upon such diets, but were actually 
sufiieientiy well nourished to produce young. A full critieism of his 
results will be given later, but it may be stated here that there is 
every ree^son to believe that he had failed to use sumcient care in 
ensuring the purity of the components of his food mixtures. 

In the year 1911 Osborne and Hendel published in America ' 2 } 
their classical monograph in which they described lexperiments on 
the nutrition of rats over considerable periods upon diets composed 
of isolated food substances. 

They used dietaries containing proteins of a high degree or purity, 
together with starch, sugar, lard, agar, and inorganic salts. The 
agar was included in order to form an indigestible intestinal ballast 
or ' roughage whilst the inorganic salts were given either as a 
mixture of the pure crystalline salts or in the form of a preparation 
known as ' protein-free milk The latter product was prepared 
by evaporating down milk after removal of the fat and proteins. 
It therefore contained the salts, lactose, and extractives of milk. 
With regard to these experiments, they say (2 II. 59) : ‘ Although 
these apparently successful experiments indicated that the com- 
binations of isolated food-stuffs employed satisfied the nutritive 
requirements of the rats, and consequently constituted a complete 
food for the maintenance of mature aninic'ls, a prolongation of the 
observations has led to a less favourable outcome. A continuation 
of the experiments over longer periods has shown that in every case, 
sooner or later, the animal declined : and unless a change in the 
diet was now instituted within a comparatively short time, the 
animals died.* 

Mention must now be made of the work of Stepp (7), who found 
that whereas mice lived satisfactorily for several months upon 
certain foods, such as wheat bread made with milk, they were 
unable to hve longer than a month when fed upon the same diet 
after it had been subjected to prolonged extraction vdth alcohol 
and ether. That the extraction itself had only lowered the nutritive 
value of the foodstuffs by removing some essential component was 
demonstrated by restoring the extract to the extracted food, when 
it once again became adequate for the nutrition of the mice. 
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He made a number of experiments in order to ascertain the nature 
of the essential factor removed by the extraction process. The 
addition of the ash of the extract, or of certain neutral fats in a pure 
condition, did not remedy the deficiency, but he found that milk 
and egg-yolk did. This led him to suggest the existence of an un- 
identified indispensable dietary unit, ^vhich he appears to have 
regarded as a member of the lipoid class. He vras unable to identify 
this substance vdth cholesterol, lecithin, kephalin, and cerebrone, 
since all members of that class of substance failed to restore the 
nutritive value of the extracted foodstuffs. He remarks in one of 
his papers : ‘ It is not impossible that unknovn substances indis- 
pensable for life go into solution vith the lipoids, and that the 
latter thereby become v'hat may be termed carriers for these sub- 
stances.' 

We must novr turn our attention to the classical experiments 
carried out by Hopkins in this country. As early as 1906 he vTOte 
as foUovrs [S] : ‘ But further, no animal can live upon a mixture 
of pure protein, fat, and carbohydrate, and even vrhen the necessary 
inorganic material is carefully supplied, the animal still cannot 
flourish. The animal body is adjusted to live either upon plant 
tissues or other animals, and these contain countless substances 
other than the proteins, carbohydrates, and fats. Physiological 
evolution, I believe, has made some of these v’ell nigh as essential 
as are the basa.1 constituents of diet : lecithin, for instance, has 
been repeatedly shovm to have a marked influence upon nutrition, 
and this just happens to be something already familiar, and a sub- 
stance that happens to have been tried. The field is almost un- 
explored, only it is certain that there are many minor factors in all 
diets, of vrhich the body takes account. In diseases, such as rickets, 
and particularly in scurvy, we have had for long years knowledge of 
a dietetic factor, but though we know how to benefit these conditions 
empirically, the real errors in the diet are to this day quite obscure. 
Thev are, however, certainly of the kind which comprises these 
minimal qualitative factors that I am considering. Scurvy and 
rickets are conditions so severe that they force themselves upon our 
attention, but many other nutritive errors affect the health of 
individuals to a degree most important to themselves, and some of 
them depend upon unsuspected dietetic factors.' 

The results of his experiments extending over several years were 
published in 1912(9'. He fed yomig rats upon an artificial food 
mixture containing easeinogen, starch, cane sugar, lard, and inorganic 
salts. When the animals were fed upon the diet composed of these 
constituents in the crude condition, they were able to live and to 
show a certain amount of growth. Tnien, however, the components 
had been carefully purified, growth invariably ceased after a com- 
paratively short period, and the rats declined and died. A most 
important feature of his experiments was that he showed by estima- 
tions of the energy consumptions of the animals that this failure 
was not due to an insuScient food intake. It vras found that they 
ceased to grow at a time when they were consuming food in more 
than sufficient quantity to maintain normal growth. 

Another series of animals received in addition to the basal ration 
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Fig. 1. Lower curve, six rats on artiiiGial diet alone. Upper curve, six similar 
animals receiving in addition 2 c.c. of milk each per diem. Abscissae, time in days ; 
ordinates, average weight in grm. (Reproduced by permission from the Joiimal 
of Physiology. 1912 44 432. i 



Fig. 2. Lower curve (up to eighteenth day;, eight male rats upon pure dietary ; 
upper curve, eight similar rats taking 3 c.c. of milk each a d^.y. On the eighteenth 
day, marked by vertical dotted line, the milk was transferred from one set to the 
other. Average weight in grms., vertical ; time, horizontal. (Reproduced by per- 
mission from the Jourr-al of Physiology, 1912 44 433.) 
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of purified foodstuffs a very small daily allowance of milk. In all 
cases the milk addendum, although its total solids amounted to only 
4 per cent, or less of the whole food eaten, induced normal and 
continual growth. 

The extraordinary effect of this apparently insignificant addition 
to the diet upon the growth of the experimental rats is well illustrated 
by the above two figures, which have been reproduced from the 
original paper. A similar growth-stimulating action was exerted 
by the addition of protein-free and salt -free extracts oi rnilk-solids, 
or of yeast, to the basal diet. As the milk ration was administered 
separately and in ad^'ance oi the administration ol the main dietary, 
it could not have affected the palatability of the food or diminished 
its monotony. 

The importance of these early experiments is so great that an 
extract from Hopkins’ discussion of his results is reproduced : ‘ It is 
possible that what is absent from artificial diets and supplied by 
such addenda as nrilk and tissue extracts is oi the nature of an 
organic complex hr oi complexes) which the animal body cannot 
synthesize. But the amoxmt which seems sufficient to secure growth 
is 30 small that a catalvtic or stimulative function seems more 
likely. 

' It is probable that our conception of stimulating substances 
may have to be extended. The original vague conception of such 
subjects being condiments, chiefly affecting taste, gained in definite- 
ness by the work of the Pavlov School. But the place of specific 
diet constituents which stimulate the gastric secretory mechanism 
can be taken by the products of digestion itself, and" in this con- 
nexion the stimulant in the diet is by no means indispensable. ^Most 
observers agree that the addition to normal dietaries oi meat extracts 
capable of stimulating the gastric flow does not increase the actual 
absorption of food, though this pcdnt could be properly tested by 
adding them to an artificial dietary known to be free from analogous 
substances. As was emphasized above, the milk did not affect 
absorption in my experiments. But such undoubted stimulating 
effects due to diet constituents as those discovered by Pavlov may 
quite possibly be paralleled elsewhere in the body on more specific 
and indispensable lines. Stimulations of the internal secretions of 
the thyroid and pituitary glands wlrich are believed on very suggestive 
evidence to play an importanr part in growth processes, can be 
legitimately thought of. On the other hand, the influence upon 
growing tissues may be direct. If the attaclimerd of such indispensable 
fiinctions to specific accessory^ constituents of diets is foreign to current 
views upon nutritioTi, so-also is the experiinerdal fact that young animals 
may fail to grow when they are absorbing daily a sufficiency of formative 
material and energy for the purpose of growth.' 

These experiments undoubtedly mark the beginning of a full 
appreciation of the importance of what Hopkins has termed the 
accessory factors of the diet. 

Additional evidence of the existence of such factors rapidly 
accumulated : Osborne and Mendel (10) confirmed their j)i’G'''iou 3 
finding that when they replaced * protein-free milk * as a source of 
carbohydrates and salts in their artificial food mixture by lactose 
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and a mixture of pure inorganic salts approximating to the com- 
position of the ash of milk, the animals vrere unable to thrive. 
Summing up they say, ' whether the clehciency of the purely artificial 
diet is to be attributed to improper proportions of its constituents, 
to improper combinations of these constituents, or to the lack of 
some essential element, is at present dificult to define.’ 

That they did not regard their failure as being entirely due to the 
absence of accessory factors may be assumed from their statement 
that they had achieved a considerable degree of success in feeding in 
the absence of the hypothetical orgarde liormoires *10}. Hopkins and 
Neville (11) challenged this statement and attempted to repeat the 
experiments of the American workers. Using very carefully purified 
ingredients they were unable to obtain any apprec:ei,ble growth on 
such diets, and the animals, in spite of a satisfactory consumption 
of food, were all dead before the expiration of forty days. In com- 
plete confirmation of the earlier experiments of Hopkins, it was 
found that when a small ration of milk, 2 c.c. per day was given, in 
addition to the basal diet, this failure vras not shown. 

DiffepvExtiatiox of Iwo Accessory Factors. 

Iia 1918 kIcCollum and Davis in America corifirmed the fact that 
rats were unable to grow upon an artificial ration consisting of 
caseinogen, lactose, lard, and inorganic salts 12). They also stated 
their belief that cessation of growth upon such diets was due to the 
animal rtmning out of some orgarnc complex which was indispensable 
for further growth, but since their rats lived in fairly good health 
upon this mixture after growth had ceased, they concluded that 
maintenance could be satisfactory in the absence of that substance, 
Xhey found that the ether-soluble fraction of butter and eggs sup- 
plied the missing factor, but that lard and olive oil were unable 
10 do so. 

Lr concluding their paper, they remark : ' Our observation that 
ether extracts from certain sources improve the condition of animals 
on such rations strongly supports the belief that there are certain 
accessory articles in certain foodstuffs which are essential tor noimal 
growth for extended periods.’ 

Very shortly after the appearance of this paper, Osborne and 
ilendel reported a continuation of their experiments (13). The 
greater efiiciency of natural milk as a food, as compared with artificial 
mixtures containing what were supposed to be the only constituents 
of milk, impressed them with the belief that there existed some 
unidentified substance in the natural product which was not only 
necessary for growth but also for prolonged maintenance. They 
found that young rats which fed upori a diet containing protein, 
starch, lard, and protein-free milk grew at a satisfactory rate for 
a short time, but that sooner or later growth invariably ceased and 
that the animals declined. This decline could, however, be arrested 
and a normal rate of growth resumed when butter w^as substituted 
for the lard in the diet. - 

Later these investigators found that the active substance was 
concentrated in the butter-fat fraction of the butter (14). Since 
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the authors claimed that their butter fat was free from nitrogen 
and phosphorus and devoid of any ash-yielding or water-soluble 
components, it appeared probable that the growth factor was not 
a substance of the type to which the anti-beri-beri factor, then being 
carefully studied by Funk, apparently belonged- The latter worker, 
however, challenged their claim as to the purity of butter fat, and 
showed that appreciable traces of nitrogen-containing substances 
could be extracted from that product prepared by the method 
described by Osborne and Mendel ■;! 5}. 

Numerous naturally occurring fats and oils were examined for the 
presence of the substance which apparently played so important 
a part in the nutrition of the animal body, and it was found in 
association with several animal fats, such as cod-liver oil and beef 
fat, but was absent from a number of oils of vegetable origin (16, 17). 
The distribution of this substance will, however, be more fully 
considered in a later section. 

For some time it was generally believed that the substance found 
in association with certain fats was the only accessoiy substance 
necessary to supplement the nutritive deficiency of a diet of purified 
proteins, fats, carbohydrates, and salts for growth. Several workers 
had, however, failed to secure the satisfactory nutrition of animals 
even when butter fat was added to the basal lation of purified food- 
stufis. Thus Funk and Macallum in 1915 reported that young rats 
fed upon such a diet not only failed to grow but rapidly declined 
and died after many of them had shown symptoms wdiich the authors 
believed to be analogous to those of avian beri-beri Q5). On the 
basis of Fiuik's vitarnine theory of beri-beri ''see later} they added 
a small ration of yeast to the diets and found that this addition w'as 
immediately followed by growth. 

They failed, however, to appreciate the true significance of their 
own results, for they apparently disregarded the influence of any 
substance present in the butter fat, and expressed their opinion that 
the growth-promoting factor is beyond question contained in the 
yeast k 

The proof of the existence of a second essential accessory dietary 
factor of a type distinct from that found in association with fats 
vras first given by McCollum and Davis (19 j. As the result of 
a careful investigation of the dietary deficiencies of rice they were 
forced to accept the conclusion ‘ that there are necessaiy for normal 
nutrition during growth two classes of unknowm accessory sub- 
stances, one soluble in fats and accompanying them in the 
process of isolation from certain food-stuffs, and the other soluble 
in Avater but apparently not in fats k They termed these tw^o 
substances * fat-soluble A and ‘ water-soluble B ' respectively ; 
prefernng these ijro visional appellations to the much criticized 
word ’ vitarnine which had been introduced and used extensively 
by Funk. Their terminology has been widely adopted as being both 
convenient and non-committal. 

Amongst other interesting points they showed that the so-called 
water-soluble factor is present in milk, and that it is only removed 
from rnilk sugar by thorough crystallization, a fact confirmed bv 
Drummond '20k 
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This observation supplied the solution to the apparent discordancy 
of many of the experimental results which had been obtained by 
various investigators, of whom many had employed in one form or 
another insuniciently purified lactose as a component of their 
dietaries, thereby unwittingly providing a more or less adequate 
supply of the water-soluble accessory factor. Thus, Funk and 
Macallum. who had taken great pains to ensure the purity of the 
components of their food mixture, and who excluded lactose on the 
grounds that it was known to contain traces of nitrogenous products 
derived from milk, were unable to obtain growth in the presence of 
butter fat until they supplied yeast, noAv known to he one of the 
richest sources oi the water-soluble factor. 

Practically all investigators in this field of research have now 
admitted their belief in the indispensabilit-y of the two accessory 
factors, ■ fat-soluble A ' and ' water-soluble B ' for growth and 
nutrition of the animal organism, but a brief reference must be made 
to certain opinions which have been advanced in oj)position to this 
view. 

Foremost amongst the very small minority who have not yet 
acknowledged the indispensability of these constituents is F. Eoh- 
mann of Breslau. As the majority of his views and criticisms are 
contained in a book published in Germany in 1916 i'2l), and as no 
copy of this publication has as yet been available for reference in 
this country, we are unfortunately confined mainly to an examination 
of the criticisms it has roused in America "22;. Apparently Ptohmann 
asserts his belief that ' accessory foodstuffs are not necessary for the 
continued mainten^.nce oi fully grown animals and that if the 
long familiar nutriments are suitable in quality and quantity, 
nothing further is essential to the ration. He remarks : ‘ The 
assumption that home unknown substances are indispensable for 
growth is a coilvenient device for explaining experiments that result 
in failure — a device that becomes superfiuoiis as soon as the experi- 
ment succeeds.' But we must first examine his own experiments 
which he claims have been successful in achieving this result and 
which have led him to express these views. 

Eohmann has for many years past carried out a large number of 
feeding experiments with artificial mixtures of foodstuffs, and has 
thereby obtained valuable results upon such questions as the relative 
nutritive values of individual proteins. It is impossible to say, 
however, that he has exercised sufficient care in controlling the purity 
of the ingredients of his food mixture. Many of his dietaries con- 
tained protein in a very impure form, such as crude dried egg 
albumin and ' Kalzose ‘. the latter a commercial preparation of 
calcKum-casein, admittedly containing milk sugar, and hence without 
doubt other products present in milk. The composition of the 
margarine, which he frequently employed as a source of fat, is never 
stated. It may, if derived from animal fat, contain large amounts 
of fat-soluble A (24k That he has failed to appreciate the difficulty 
of removing traces of the accessory substances from the ingredients 
of his diets may be judged from the fact that, in order to meet the 
possible objection that his diets contained these substances in some 
cases, he only extracted the components Vvith cold alcohol. More 
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astounding is his admission that a successful nutrition Vv-ith certain 
diets ^as "frequently induced by the addition of alcoholic extmcts 
of yeast or by small quantities of a product termed by him ‘ Filtra- 
teiweiss \ Of this latter substance. Osborne and Mendel remark i 
' according to his •'Piohmanirs ■ account of the method of preparation, 
this product may have contained some or all of the other constituents 
of milk among which are those proved to be esjiecially efiicient in 
promoting growth.' 

It is scarcely necessary to expend further time in considering work 
sofull of inconsistences, and we may conclude by quoting the trenchant 
criticism of the American workers (2*2;. ‘ The thesis that a^successful, 
i. e. positive, experiment in nutrition is far more significant than 
a negative one is doubtless valid. On the other hand, in dealing 
with" substances which, like the alleged vitamines, are potent in 
surprisingly small amounts, the burden of the proof with respect 
to the complete absence of effective substances so widely distributed 
among the natural loodstufis falls on those who deny the need 
of them.' 

Are Fat-soluble A axd Water-soluble B the only Accessory 
Substances Xecessary for Growth and Xutrition? 

A later section of this book is devoted to a consideration of a third 
accessory substance, which may be sharply differentiated from both 
the factors ' A ' and * B ' by its properties, namely the antiscorbutic 
substance. It will be seen there that this factor is undoubtedly 
indispensable for the normal nutrition of certain species of animals. 

The question, therefore, arises as to whether we must regard this 
substance as a third accessory factor indispensable as a component 
of a normal dietary for growth. It is difficult to give an answer to 
this question in the light of our present knowledge of the subject, 
because whilst we as yet understand very little of the requirements 
of the various species for this substance, it is undoubtedly true that 
wide variations occur. 

Practically all the researches which have led up to the discovery of 
fat-soluble A and water-soluble B have been carried out on young 
mice and rats. Xeither of these animals appears to show any 
suscepnbihty to scurvy, if we may judge from the fact that they 
have been nourished with apparent success over long periods 
upon diets which can have contained but the merest traces, if any, 
of the anti-scorbutic substances. It is, however, quite conceivable 
that these two species represent types whose low susceptibility to 
the disease calls for a very small requirement of the preventive sub- 
stance. Failure to supply an adequate amount of the factor in such 
cases might only bring about a comparath'ely slight lowering of the 
nutritive standard of the animal, and experimental evidence is 
accumulating that this is actually what occurs in the case of the 
rat '23, 23 a}. Strictly speaking, we must recognize at least three 
distinct accessory factors indispensable for normal growth and 
nutrition, but as the anti-scorbutic substance is fully treated else- 
where, the other two substances, fat-soluble A and water-soluble B, 
will alone be considered here. 
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they cease to grow but they become highly susceptible to bacterial 
infection. In the case of rats this lowere.d resistance first becomes 
apparent in many cases by the appearance of a characteristic infection 
of the external eye. which has been provisionalh" classified as a xero- 
phthalmia*. It usually begms with a swelling of the lids of one or both 
eyes, which is followed by an inflamed and catarrhal condition of 
the conjunctirae {Fig. 7). This rapidly becomes worse and the 
discharge which is at first haemorrhagic, frequently becomes purulent. 
If untreated, the cornea may be involved and total blindness result. 
This condition is regarded by some (e. g. McCollum) as an almost 



-Fig. 0. Sho'.ving preliminary growth and eventual decline on diet deficient in 
Fat-aoluble A. Also reeovery on addition of a source of Fat-soluble A. 

These curves illustrate how the absence of the fat-soluble accessory substance 
ultimately inliibiis the growth processes of young animals. The broken curves 
represent the changes in body weight of rats fed upon a diet freed as far as possi- 
ble from all traces of that accessory factor. The small amount of growth, which 
usually occurs at first, probably indicates the utilization of reserve stores of the indis- 
pensafte unit, but failure ultimately sets in. At the points marked on the curves by 
(o j the deficiency of the fat-soluble was made good by the addiiion of butter fat. This 
change was at once followed by a resuminion of growth. In tiie small figure arc given 
the weight curves of young rats born from females leceiving artificial diets of this 
nature. Curve 4 indicates the normal growth of young rats nursed by mothers re- 
ceiving an adequate artificial ration virnifar to that heed in the experiments illustrated 
in Figure 3. Curve 5 shows the development of young nursed by females receiving 
a dietary deficient in the fat-soluble factor. These two curves represent the average 
of a considerable number. The \'oung nursed by the females on the inadequate 
ration were for some time not much below the normal standard as regards body 
weight, although they were at all times markedly undernourished. 

Specific result of a deficiency of the fat-soluble factor. This view is 
certainly supported by the observation that if animals showing these 
symptoms be given a diet containing an adequate amount of the 
fat-soluble substance, the conjunctivitis usually clears up within 
a few days and the animal is very soon able to resume a normal rate 
of growth. An example of this recovery in growth is illustrated in 
Fig. 6, Fully-grown animals are apparently able to live for period.? 
of many months in the absence of the dietary essential. Sooner or 
' d503 0 
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later, ho^^-ever, the deleterious influence of the deficiency is made 
apparent by the appearance of the external eye disease, or by 
a streatlv lorrered general state of health, resulting in e,n abnormally 
high death rate from acute infections particularly those affecting 
the lungs. 


IXFLUEXCE 0? THE ABSEXCE OE W'aTEE-SOLUBLE B FROM THE DiET. 

Contrary to the case of the fat-soluble factor, the animal does not 
appear to possess any appreciable reserve store of the rvater-soluble 
accessorv upon v»"hic*li zo drs^w in the event of an emergency arising. 
Consequently the ill-eftects of a deficiency are more quickly apparent 
■'•26). An immediate cessation of gro^'th is shovm by young animal-, 
followed by a short period during which body ^veiglit is more or 
less satisfaciorily maintained. 

Adult animals show a very gradual fall in body weight foliowing 



Fig. 5. Snowing failure to grow on diet dedcient in water-soluble * B and reeovery 
on adding tnat factor. 

Tiiese curves illustrate how a deficiency of the water-soluble growth factor im- 
mediately causes a cessation of growth, and show the equally prompt resumption when 
ar extract containing the aetive substance is added to the dietary of the experi- 
mental animal. 

Curves 3. 4, and 5 demonstrate that the more mature the aninial, the longer can it 
survive against the deleterious euects of a dehciency of wat.T-soluble A. 

the restriction, but sooner or later borli young and old subjects 
suffer a rapid decline which invariably t-BiTninates fatally. 

Body weight curves illustrating these observations are given 
in rig. S. 

A number of the rats dying as a result of this deficiency have been 
observed to show symptoms of muscular inco-ordination due to 
involvement of the nervous system (see p. 3.5). Immediate recovery 
is effected by administering the missing factor, provided the condition 
of the animal is not extreme (Fig. S). 

Fig. 9illustrare5 the condition of a rat deprived of ' water-soluble B 

Influence of the Absence of both Fat-soluble A and 
Water-soluble B from the Diet. 

When both these important constituents are ab-sent from a diet 
it is usual to find that the deficiency of the second named is that 
which first exerts its deleterious action upon the growth and health 
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of the animal. Ihis may be satisfactorily explained on the assump- 
tion that the body normally contains an available store of fat- 
soluble A. A dehciency of the latter, therefore, does not arise until 
the available reserves have been utilized, by vhich time the inadequate 
supply of the factor ‘ B ' has induced a cessation of gro^vt-h and 
a serious disturbance of the general health. 

A^oung rats fed upon a diet inadequate as regards both these 
factors immediately cease to grow {see Fig. 10}. and usually die show- 
ing symptoms associated with an absence of the water-soluble com- 
ponent, seldom surviving sufiicienth- long to exhibit the characteristic 
symptoms associated with a denciency oi the fat-soluble substance. 

Physiological Sioxificaxce or Fat-soluble A and AVateu- 

SOLUBLE B. 

1. FaUsoluhle A. This factor in all probability is synthesized by 
the plant- and is found to be present in green leaves and in the 



instaTLce by the indiision of butter fat in the lation {curves marked - - -), matters are 
not improved, but an immediate resumption of growtli frnlows the resioraticn of both 
the missing units ''curves marked 

Wthen water-soluble B alone is added there is eccasionally slight, grov-th (curves 
marked x x x x;, probably as a result of the utilization of reserve stores of the factor A, 
but it seldom lasts for long ctnd is eventually followc-d by fr-ilura. 

embryos of many seeds. In the latter localiry it l- perhaps present 
in the form of a loose type of combination with some cell-constituent 
other than fat. This conclusion has been arrived at from the observa- 
tion that the simple processes used to extract fats, such as pressure 
or extractions with solvents, do not remove the fat-soluble factor 
from seeds, and this accounts for the absence of the factor from the 
vegetable oils prepared for consumption by these methods IT). 
The combination, Avhatever its actual nature may be, is very readily 
broken up. Treatment of the finely divided seed embryos with 
alcohol will effect the rupture, and subsequent ether extraction will 
remove not only the fats but the fat-soluble accessory substance. 

We as yet know nothing definite of the part it plays in the nutrition 
of the body. There is every reason to believe that considerable 
arnomits niay be stored, perhaps in association with the reserve fat 
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supplies, but this has not been experimentally proved. The fat 
derived from manv tissues also contains the factor, so that it would 
appear to be closely associated with fat during transport of the 
latter in the body. 

The suggestion was at one time advanced that the fat-soluble 
accessory substance was a characteristic accompaniment of fats, 
such as milk-fat and egg-fat, elaborated by active organ- for the 
express purpos? of providing for the nutritiiin of th-‘ young, and 
that it was absent from purely d.,pot fats, <uch as lard. This theory, 
however attractive, became untenable dfter it had been shown that 
the depot fat of oxen contained the factor in considerable amounts. 
Xo entirely satisfactory explanation ol the deficiency of lard has y. t 
been advanced. 

Tniether the factor is intimately concerned in the metabolism of 
fats, or whether it plays some more dii -ct pan in the nutrition of the 
cell is as yet uncertain, but there is a ceitein amount of indirect 
evicL-nce in favour of the latter view. There is apparently little 
appreciable loss of body fat in animals showing ihe characteristic 
symptoms associated with a deficiency of the fat-soluble substance, 
and such cases do not ap^jear to show any obvious signs of a dis- 
turbed fat-metabolism (27). Storage of the factor appears to be 
particularly marked in adult animals, and the requirements, after 
maturity is reached, are of a smaller order than those of the growing 
yomig. Ihe fully-grown rat is able to live for periods of several 
months upon what may be regarded as an almost complete deficiency 
of the fat -soluble factor, without shoving appreciable loss of body 
weight or serious symptoms of ill-health, but at the same time it 
may be inferred that such animals are being maintained at a sub- 
normal level of nutrition by their decreased powers of proj)agation 
and increased susceptibilitj" to infection. 

The storage of the fat-soluble factor is of considerable importance 
to the pregnant and nursing mother, for she is thereby enabled to 
provide her young with a high coneentiation of this factor without 
immediate dependence upon an external supply. The importance 
of this caimot be over-estimated, and it has been suggested that the 
ill effects which follow a deficiency of the fat-soluble substance are 
much more serious and far-reaching Avhen the}- occur in early life, 
particularly during the x)eriod when the yomig animal is dependent 
upon its mother (28). 

2. Water-soJuhte B. Ihe plant kmgdoni also provides the primary 
source of the water-soluble substance. The power to synthesize 
this substance is possessed generally by plants, even by some which 
appear low down in the natural classification. Thus, for example, 
yeast constitutes one of the richest known sources of the substance. 

It apparently exists free in the plant cell, although it has been 
stated that extracts of certain natural foodstuffs are more active 
after treatment with dilute acids : confirmation of this observation 
would tend to indicate the existence of the factor in some com- 
bination from which the acid liberates it. 

Of its action following absorption from the digestive tract, little, 
if anything, is known. The type of nutritive failure and the pro- 
duction of symptoms of nervous inco-ordination, produced by 



a deficiency of this factor, have already been described. A sriidy 
of the onset of these ill-effects does not indicate that the normal 
animal possesses any large reserve of the vrater-soluble factor in an 
available form. The requirements of the body for the factor are 
much greater during grovth than during maturity. As in the case 
of the fat-soluble substance, the quality of the milk of the nursing 
mother vdll suffer if her diet becomes deficient in this dietary essential. 
The adverse effects of this deficiency are. however, much more 
rapidly apparent in this case, for she has little, if any, reserve supply 
available in her own tissues. This point will receive further attention 
in a- later section (p. 70}. 


Distribution of Fat-soluble A and Water-soluble B in 
Natural Foodstuffs. 

1. Fat-soliihU A. The presence of the fat-soluble factor was first 
detected in butter and egg-yolk, and, as far as is at present known, 
these foodstuffs represent the richest sources of that substance. It 
has also been found present in many oils and fats derived from the 
animal kingdom, as for example, cod-liver oil, shark- liver oil, beef 
fat, the fats of kidneys, heart muscle and liver tissues, herring oil, 
cod oil, salmon oil, and whale oil. 

On the other hand, the following oils and fats, all with one excep- 
tion, derived from plant sources, contain only small amounts or 
are deficient in the accessory factor : sunflower-seed oil, corn oil, 
olive oil, cotton-seed oil, almond oil, arachis or peanut oil, linseed oil, 
coco-nut oil, and lard. Since there is good reason to believe that 
the animal organism does not possess the power to synthesizr either 
of the factors A or B, it must derive its supplies of these substances 
from outside sources. The primaiy sources of fat-soluble A are 
found in the green leaves of plants, and the embryos of certain 
seeds. The former appear to be the richer source, but very few 
quantitative data upon the distribution of the substance ha.ve yet 
been obtained. It is, therefore, difficult to attach a definite value 
to any individual foodstuff' as a source of fat-soluble A. This is 
particularly true in the case of the foodstuffs of animal origin, as 
their valu- as sources of that factor is in all probability directly 
determined by the nature of the diet which the animal has pre- 
viously received (2S). Thus, the milk yielded by a cow which has 
for some time past been receiving a diet deficient in fat-soluble A, 
will, without doubt, sooner or later show the same deficiency. 

The following tabulation of the chief foodstuffs has been made 
with the object of illustrating the distribution of the fat-soluble A 
factor. In the absence of quantitative data it has been impossible 
to do more than to indicate the relative values of the foodstuffs as 
sources of the accessory factor by the rough method of positive 
and negative signs. An attempt to give some idea of relative values 
has been made by the employment of more than one such sign 
in certain cases. A zero indicates the absence of the factor. (See 
also the combined table in which the anti-neuritic 'water-soluble) 
and anti-scorbutic factors are included, p. 50.) 
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Table I 


Cl^ss of poodstv.fr, h'Av. \d.ialfoz5M'J.ff. 

Fai-sohJjli A. 

Ears Butter 

a- J- 4- 

Cream 

j_ 

^'larearine preit-ai eu rrom aiiiiaal latt 


ctiter than lard. Value is in pro- 


porticn to qua-itv aim percentage 


of animal fat. 

— -1- 

Margarine prepared iioni regetable 


iars 0 ’' iS-rc;. 

0 

Xur burtei 

Variable. 

Ve:teraljie oils such as are conrnicniv 


used for salad oils or frying oils 


■ e. olive and cotton-seed oils 

H 

Hardened fats, such are -old as lard 


substitutes 

t> 

Cocoa butter 

u 

Coco -nut oil 

\) 

Lxiiseed oil 

0 

Lard 

0 

Mutton and beef fat 


Cod-liver oil and other nsh liver oils 

— -r — 

Heirins: oil. salmon, or cod oil 

“T- + 

Meat and fish Lean meat (beef or mutton' 

Inconclusive result. 

Liver 

+ + 

ICidneys 

-h + 

Heart 

-i. + 

Brain 

4- 

Blood 

InconcluBivc result, 

Sweetbreads 

+ 

" Lean ’ fish, such as cod, haddock 

0 

■ Eat ' fish, as herring, salmon 

'T' H- 

Eish rce 

__ 

Cereals Vheat embryo 

~ -i- 

,, endosperm 

(i 

,, bran 

Inconclusive icctilt. 

Maize embryo 

— 

,, endosperm 

0 

Bice embryo and bran (i.e. so-oalled 


rice polishings 

4- 

Bice (polished} 

' 0 

Vfholemeai bread 

-T- 

"White bread 

•J 

Custard poveders and e2i^ substitute-s 

{) 

Millet 



Linseed 


Linseed cake after expulsion oi oil_ 

“f- 

Legumes Peas 


,, Muried 

Inconciusivc- results 

Kidney beans 


Soy-beans 

4- 

C)!:her vegetables and fruit Cabbage ( fresh , 

- + 

,, (dried, 


Lettuce 

— 4> 

Spinach 

— -t- 

Carrots ■ fresh 

-1- 

f dried} 



Oniens 


Tomatoes 

‘ ■) 

Potatoes 


Oranges 

0 

Bananas 

-i- 

Apples . green 

0 

Xuts (Walnuts 

4. 

MiszeLaneous Cheese prepared from whole milk 

-h 4 

. , prepared from skim milk 

U 



Fat-sohible A. 


Class of jucdsiuff. 
Miscellaneous 


Ir.dli.d. al jz-odsTziff. 
Eggs (yolk; 

^7 {VVie. 

.. (dried; 

Yeast - dried, 

'extract /commercial 
Meat extract (commeiciali 
yialt extract ,, 


0 


V ery slight-, if any. 
0 
0 
0 


2. Water-soluih B. In view of ihe probable identity of this with 
the anti-neuritic factor, the di-tribniion of the two is treated on 
pp. 27 and 35. 


Properties of the Accessory Substances, Fat-soluble A 
AND Water-soluble B. 


1. F at-soliiole 

’a) Wh-eir associated with lAts it is not extracted by water, but is 
soluble in solvents which dissolve fats, e. g. ether, ligroin, and 
alcohol. It cannot, however, be extracted by :at solvents from 
green leaves. 

'h) It was at one time 4'-?nerally believed that the fat-soluble 
accessory factor veas cornparativ-ely stable to heat. Thus, Osborne 
and Mendel recorded that butter fat treated with siea.m for 
two and one-half hours did not appear to have lost its value as 
a source of the factor. Indirect evidence which suptrorted that belief 
was given by the observation of Drummond '31}. who found that 
certain fish oils, such as crude whale oil, which are freciuently pre- 
pared by processes involving the use of high pressure st6a.m for 
several hours, contained consideiiable amounts of the factor. 

More recent work has, however, cast some doubt on the stability 
of this accessory toward heat '32;. The results of this investigation, 
carried out in America by Steenbock, BoutAvell, and Kent, indicate 
that the fat-soluble accessory substance is gradually destroyed at 
100" C., and that four hours' exposure to that temperature is sufficient 
to render butter fat of little greater nutritive value from the stand- 
point of vitamine supply than an equivalent quantity of lard. 

This result has now been confirmed by experiments of a similar 
character carried out in this country (33;. 

(c) It is completely destroyed during the * hardening ‘ of oil by 
the action of hydrogen . a process now widely employed for the 
iDreparaiion of edible idis '33). 

[d) It has been stated to be stable to alkali under the conditions 
employed for hydrolysis of fats at room temperature in a non- 
aqueous solution (3F . 

2. Weder-sohibte B. The properties of this factor are, as has 
already been remarked, identical with those described for the anti- 
beri-beri substance (29), and are treated under the heading of the 
latter (p. 35). 


Attempts to Isolate Fat-soluble A. 

Scarely any attempt has been made as yet to isolate and identify 
this factor. The statement has been made that it may be removed 
from butter-fat by prolonged extraction with water, but recent work 



does not confirm this (35). Certain facts may be interpreted as 
indicating that this accessory substance is a lipoid, but it has not 
been identified wth any of the common representatives of that class 
of substance or v^iih the free fatty acids (35). 
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CHAPTER III 


BEEI-BEEI AXD SCUEVY. 

There is nov: a general consensus oi opinion that beri-beri and 
scurvy are diseases of dietetic origin, caused by the absence from 
the diet of an essential accessory^ factor. Experimental vork on 
animals and experience based upon human diet confirm each other 
in the vievr that the factors concerned in prevention of beri-beri and 
scurvy are distinct and have a diiierent distribution among natural 
foodstuffs. In modern European life, under normal peace conditions, 
the risk of these deficiency diseases, although a real one Tvdiere infants 
are concerned, may be regarded as non-existent for adults : the 
great variety of food taken ensures that an adequate amomit of 
the preventive vitamines is reguk.rly consumed. This fact vill be 
appreciated later \vhen the distribution of the factors preventing 
these diseases has bean considered in detail. It is vrhere extremes 
of climate limit the variety of available foodstuffs, as in the tropical 
or arctic zones, that a restricted diet may lead to outbreaks of 
deficiency disease. Thus beri-beri has proved to be mainly confined 
to rice-eating peoples in tropical climates : scurvy is to be feared 
alike in tro]hcal deserts or in arctic regions. 

Under var conditions, both for civilians and soldiers, the situation 
is altered, even in civilized European countries. Ov-ing to dislocation 
ot transport and other causes, many articles of common consumption 
become scarce or absent and the diet becomes more and more 
restricted. Accurate knov.ledge as to the value of various articles 
oi food in respect of the accessory factors contained in them becon.es 
of the utmost importance. It is necessary to ensure that an amount 
of these be consumed in the diet sufficient to prevent the disturbance of 
metabolism which eventually leads to ‘ deficiency diseases ’. 

BERI-BERI. 

Beri-beri is a disease characterized by severe nervous disorder 
occurring principally among rice-eating populations, e. g. in Japan, 
the Malay Peninsula, Dutch Indie-, Philippine Islands, d:c. It is 
a form of severe peripheral neuritis, and may appear in two well- 
marked forms. In one (dry type) there is great wasting, anaesthesia 
of the skin, and finally paralysis cf the limbs ; in the other (wet type) 
the most marked symptom is excessive oedema which may affect 
the trmik, limbs, and extremities. In severe cases the heart is usually 
involved, and death may occur suddenly from heart failure. The 
mortality is high. 

This disease has, in the past, been regarded as a tropical disease 
confined to rice-eating populations. It is now recognized that this, 
though the best known example of endemic beri-beri, is only a 
special case of what ’will inevitably occur when the diet consists too 
exclusively of a cereal w’hich has been impoverished by excessive 
milling. The researches of Eijkman, Grijns, and later of Braddon, 



Fraser, and Stanton have shovrn that the disease does not occur 
among the East Indian and Malay rice-eaters vhen umnilled or 
home-milled rice is taken, and that it can be cured or prevented 
by restorhig to ' polished ^ rice the valuable constituents f'germ 
or erniryo and silverskin or penca^v) knovn as ' rice polishings 
removed in the milling: see Fig. 11. 

The discovery ot avian polyrieiiiitis vas an impoitani step 
tOT^'ards the elucidation of the human disease. Eijkman (36), mho in 
1897 mas medical o£ncer to a prison in Java mhere beri-beri cases 
occurred, noticed that the poultry of the establishment shoved 
paralytic symptoms strangely reminiscent of those of his patients, 
and died mith extensive degeneration of the peripheral nerves. 
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Fig. 11.= Sho^ng the various stages ir. hliLing oi the Rice Chain. I. Rice gnain in the 
natural condition, retaining the hnsFc-r enclcsing glumes. II. After removal of the husk, 
but retaining the pericarp or ' silver-skin \ and tlie emhrvo, which is shaded. III. After 
milling and polishing : both ’ silver-skin' and einbiyo are ren'ovecl and the gi-ains art- 
then * polished ’ by rubbing -ttith tale between sheepskins. 

The fact that these fovls vere largely fed upon the rice refuse of 
tne institution vas strongly suggestive of a dietetic origin for the 
disorder of the human inmates, a theory vhich, for many years 
pivyionsly, haci attracted adherents. A careful study of polyneuritis 
gallmarum, as the disease vas called b^' Eijkman, vas pubhshed 
fey Grijns '37; in 1901, but it vas a matter for debate as- to hov 
far these experimental results could be applied to the human disease. 

On further study, avian polyneuritis^ has been accepted as the 
pnysiological equivalent of human beri-beri, both in its etiologv, 

^ Polished rice is a term wmch shovJd siiictly be applied lo steam -milled rice after 
iu has been subsecpaently polished with tale between sheepsitins. The * polishing ’ 
itself does nor injure the rice dietetically, but the expression has been used loosdy 
to mdicate the whole process of preparaticn, and to" include the milling in w'hich 
cuticle and germ, are removed. 

-Reproduced from Chick and Hume, Tict'/is. Soc. Ticu. Med. and Hyg., vol. x, 
1917, p. 149, with the permission of that Society. 
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symptoms, and method of cure. By its discovery a method has been 
provided for determining experimentally viiich foodstuffs prevent 
beri-beri, and their relative value for this purpose. Experimental 
work with fowls and pigeons figures largely in the pioneer work by 
the above-mentioned observers, and in the later researches, among 
others of Schaumann. Vender , Chamberlain, and Funk. {For com- 
plete bibliographies upon this subject see 3S, 39, 39a.{ 

iIcCarrison '39 b) has studied the loss of weight of various organs 
in pigeons fed with a diet which produces polyneuritis. "With the 
exception of the adrenals the loss of various organs occurs much as 
in inanition but the adrenals increase to two or three times the 
weight of those of control birds. The adrenaline content of the 
enlarged glands appears to be increased proportionately to the size 
of the organ. iIcCarrison makes out a relationship between the 
hypertrophy of the adrenals and the occunence of hydropericardium in 
his experimental birds. He regards the excess of liquid as the equi- 
valent of ‘wet beri-beri' in man. and develops a theory of the cause 
of oedema in beri-beri on the basis of excessive adrenaline production. 

DisTuiBriiox amoxct FoonsTL'Frs or the Axti-beri-beri 
OR Axxi-xeuritic Factor. 

The work of the early investigators in this field yielded much 
valuable information upon this point, but the distribution of the 
aiiti-beri-beri vitamine was first studied systematically by Cooper {40) 
working at the Lister Institute. In response to war-time needs this 
work h^LS since beeii rendered more complete by ot]:er workers in 
the same Institute {Chick and Hume. 41, 46;. 

The methods adopted were sucstansiaLy the Sciiiif tnrougliout ^ 
pigeons were used as expeiirnental animals, and the experiments 
v'ere of two general types — preventive and curative. 

In the vreceriiiuC expc*riments estimate was made oi the daily 
ration of the pariiculai^ ioodsniii necessary to prevent polyneuritis 
when added to a vitamine-fi ee diet consisting oi highly milled and 
polished rice. F e eding was artificial, an d in the absence of an a deqna t e 
supply of vitamine in the supplementary foodstuff the birds developed 
severe symptoms in from 15-25 days, with paralysis of legs and 
vrings, leading to complete helplessness and death within 24-46 hours. 
Protection was reckoned to be siiccessfulh" accomplished if the birds 
showed no syniptorns after a period of 50-60 days. 

In cur:iuve experiments a series of birds was fed with polished 
rice untiT severe symptoms were observed. The foodstuff to be 
tested was then given by the mouth in varying closes to separate 
birds and determination marie of the close required to cure the 
symptoms. One of the most striking features of avian polyneuritis 
is the dramatic swiftness with which a bird tvill recover from complete 
helplessness. It is not unusual to see norntal gait and flight restored 
within a few hours after the adequate amount of vitamine has been 
administered. 

It is sometimes necessary to concentrate the factor contained 
in the foodstuff in order to get the requisite amount absorbed in 
time. In such cases a weighed Cj[uantity of the air-dried material 
is shaken up with alcohol in the cold, the alcoholic extract evaporated 
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to dryness under reduced pressure and tlie residue taken up in 
a measured quantity of water. Various doses of this watery solution 
are then given to a series of birds with severe symptoms in order to 
determine the minimum amount necessary to effect a cure. There 
is a considerable mechanical loss of the anti-neuritic factor in the 
process of extraction, and in making any comparison of values it is, 
therefore, necessary to make sure that the curative materials, as em- 
ployed, are strictly comparable (see above. Table III ; in the case of 
dry peas the curative dose of natural material is 10 grm., whilst that 
of the alcohol extract is the equivalent of 40 grm. ; in the case of 
wheat germ the amounts were 1 to 2-5 grm. and 16 grm. re- 
spectively). 

The results of the experiments on the distribution of the anti- 
beri-beri factor by Cooper and Chick and Hume are summarized 
in Tables II and III. The results in Table II, based on preventive 
experiments, must be considered the more valuable- If, however, 
the researches had been limited to this type of experiment, their 
scope must of necessity have been very much curtailed. In Table IV 
is showir the approximate relative value of some of the more potent 
of the foodstuffs investigated. 


Table IV. Slioiring cqjjDroximatehf relative values oj the more imjpor- 
taut foodstuff s {loeicjhtfor loeiglit) in natural condition for prevention 
ofheri-heri, corajAled from resulh in Talks II and III. (Value of 
■wheat germ taken as equal to 100.) 


Siihstanct, 

Yoluc. 

Wheat germ 

100 

Wheat bran 

25 

Rice germ 

200 

Veast fi'ires&cd) 

60 

Peas (dried j 

40 

Lentils 

SO 

Egg yolk 

50 

Ox liver 

50 

Beef muscle 

11 

Potatoes 

4*3 


Appioximatc water content. 
Per cent. 

10 to 13 
10 to 13 
10 to 13 
70 
12 

70 

70 

75 

80 


It will be seen that the anti-beri-beri or anti-neuritic factor is 
widespread ; it was detected in almost all the natural foodstuffs 
examined. Its presence in yeast, the only unicellular organism 
studied, is significant of the universality of its distribution. Its 
principal sources proved to be the seeds of plants and eggs of birds, 
thus following very closely the distribution of the water-soluble 
growth factor and suggesting strongly the probable identity of 
the two (see p. 35). 

Cereals. The most important practical result emerging from this 
work is the fact that one of the chief sources of anti-beri-beri vitarnine 
should be found in the cereals and edible pulses. In case of the 
cereals an interesting differentiation has been established (Chick 
and Hume 41) between the different constituents of the grain, the 
largest deposit of the anti-neuritic factor being found in the 
embryo, or germ, the bran (pericarp and aleiirone layer) coming 
next in order of importance (see Fig. 12 a). The endosperm, 




Fia. 12 a. ^ Diagram of a longitudinal seoricn riirougii a grain of wheat. sliO vving : 
Pericarp, ioritiing the branny enrelope. A, ALe:irQne layer of colls forming the outor- 
inost layer of the endosperm removed ’^-irh the pericarp dining miliing. F, Parenchy- 
matous cells of the endosperm. &, Embryo or germ 



Fig. 12 5.^ Cross-section through the branny enveloi^e and outer portion of the endo- 
sperm of wheat grain, showing : P, the pericarp ; P, endosperm, consisting of a, layer 
of alenrone cells and p, parenchymatous cells. 

^ Reproduced, with the permission of the Controller of H.]Vr. Stationery Office, from 
Figs. 1 and 2 in Dr. J. M. HAMiLrs 'Report- to the Local Government Board on the 
nutritive value of bread made from different varieties of wheat flour 1911. 
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especially when deprived of the aleuro-te layer 'as is customary in 
the preparation of white wheaten flour or ' polished ' rice , is deficient 
in the anti-neuriiic factor, and if employed too exclusively as a diet 
will occasion polyneuritis in birds or beri-beri in man [see also Edie 
and Simpson '42)1. 

The experiments Avere made chiedy with rice and wheat, but there 
is confirmatory evidence in case of maize and rye, and no reasonable 
doubt exists that, as a rule among cereals, the anti-beri-beri factor 
is chiefly concentrated in the embryo. 

The potency of the cereal embryo in curing aA'ian polyneuritis 
Avas found to be A-ery great. Chick and Hum? found that 2*5 grm. 
(and occasionally 1 grm.) wheat germ AA-as sufficient to cure a 
pigeon shoAA’ing fully deA-eloped symptoms : in ease of rice and 
maize embryo, cures AA’ere obtained AA-ith amounrs A'arying from 
0*5 to 1 grrn. and from 1 to 3 grm. respectiA’ely. 

The preA-ailing opinion, based on obseivation of rice-eating 
populations consuming decorticated rice, has located the principal 
deposits of the substance preA-enting beri-beri in the cuticle of the 
husked grain, in the outer layer [aleurone layer'; of endo5j)erm, 
AA'hich is rernoA'ed during steam milling. This augaa- Avas based upon 
the connexion betAA'een beri-beri and decorticated rice, and the 
irreA'ention or cure of the disease effected Avhen rice bran or its 
extracts AA-ere added to the diet. A truer explanation recognizes 
the richer source of the A'itamine to be in the germ lemhryo) of the 
cereal rernoA-ed AA'ith the bran. In the case of AA’heat and rice the 
germ, Aveight for AA^eight, Avas found to be respectively fiA'e times 
and ten times as potent as the bran in the cure of aA'ian polyneuritis. 

Pulses. The foodstuffs next in importance to the cereals in 
preA'ention of beri-beri are the pulses. Grijns (37} and others have 
demonstrated the A'alue of certciin beans (’ katjang-idjo '—Phaseolus 
radiatus') in prevention and cure of aA'ian polyneuritis or human 
beri-beri. Dry peas and lentils AA-ere found to occupy a high place 
in the series of foodstuffs collected in Table lY. 

Eggs are also A-aluable sources of the anti-beri-beri factor, and this 
property was found unimpaired in tAvo samples of dried eggs examined. 
These large deposits of anti-neuritic factor in the seeds of plants 
and eggs of animals (birds and fishes) suggest a due proA'ision made 
for the AAvmts of the young offspring during th- early period of life. 
Vedder (43, p. 61) mentions the unusual preA’alence of beri-beri 
among pregnant AA'omen in countries AA'here the disease is endemic. 

Yeast is rich in this accessory factor and is miharmed in this 
respect by autolysis and extraction. Yeast extract A in Tables II 
and III AA'as a commercial preparation (rnavrnite) largely used as 
a substitute for meat extract in preparation of soup cubes, Ac. 

Meat is comparatiA'ely deficient in this factor, and large quantities 
Avere required for curing or preA-enting pigeon polAuaeuritis. This 
was specially true of muscle fibre Avhich was less A'aluable than 
heart, lu'er, or brain. 

In case of preA'entiA'e experiments with fish, milk, and cheese 
protection was not obtained Avith the comparatiA'ely large amounts 
administered daily (experiments by Cooper, Table II). 

553S D 
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Eesistaxce to Drying, 'Heat, ^c., and other Properties of the 
Anti-Beri-Bebi or Anti-Xeuritic Factor. 

The anti-beri-oer: factor withstands desiccation for long periods 
of time, as may be appreciated from the fact that its principal sources 
are found in dry foodstuffs. 

^ Its resistance to heat is also considerable. Many isolated observa- 
tions upon this point have appeared in the literature during the last 
twenty years, and most observers have not detected destruction of 
the anti-beri-beri vitamine after exposure to 100' C. Grijns (37) 
found that 1-2 hours' exposure to 120' C. destroyed the anti-beri- 
beri properties of unmilled rice, katjang-idjo beans, and buffalo 
meat. Enkman (44) did not succeed in destroying the protective 
value of horsedesh by heating for tVv’O hours at 120' C. Flolst (45) 
traced loss of anti-neuritic properties in beef heated to 110" C.'for 
half an hour, but in the case of dried peas or unpeeled barley kept at 
Ho' C. for thirty minutes, no loss of anti-neuritic power was detected. 

Eecently Chick and Hume (46) have made a series of systematic 
experiments upon this point, with (a) wheat germ (natural con- 
ation, Id per cent, moisture), and yeast extract (containing 
65 per cent, water exposed to temperatures from 100' C. to 124' C. 
in a steam autoclave. The results obtained are summarized in 
Table ^ , from which it "will be seen that destruction of anti-beri- 
beri vitamine takes place very slowly at lOO' C., but is much more 
rapid in the neighbourhood of 120' C. 


Table V. 

Influence of Exposure to liioii Temperatures upon the ArdTBeri-Beri 
V itamine cordainei "a) in Wheat Embryo and dj) in Yeast Extract 


S'ubstcKc-j. T-y. 

Wheiit embryc/vaier : onreir UrJieaicd 
to 14^^. 98 to 103 

100 to 117 
118 to 124 

1 east extra ct A, -.vatcr e c iit cnt Unheat ed 

ir,o 

122 

122 



MirLimum amount in grra. 

T ln\r^ 
Mill. 

lequircd to cure a pigeon 
'300 to 400 nnn.) sufferirg 
from acute poluneunti?. 

Ccntiol 

1*0 to 2*0 

120 

2-0 

40 

■3-0 

120 

10*0 did not cure 

Ccntiol 

1-5 to 2*0 

60 

2*0 to 3-0 

60 

2-5 to 3*0 

120 

about o-O 


The practical conclusion to be draTcn from this result is that in 
the ba.£mg of bread or biscuit, during -which process the interior of 
the matenal does not rise above 100° C., no serious diminution in 
^ti- ben-ben vitamme need be apprehended. This proved to be 
true m the case of pigeons, -ivhich throve veil upon a sole diet of 
vneaten biscuit made from vholemeal flour. In preservin'^ and 
canning foodstufis, hovever, the temperatures emploved are fre- 
quently much higher than 100° C., and it is safe to rc^rd tinned 
descriptions vith but fev exceptions as vitamine-free. 

Ibis Is -well seen in Table III, vhere the curative dose of rav meat 
for pigeons is given as the equivalent of 30 grams drv veif^ht, and 
vhere, m tvo instances of tinned meats, no cures vere ohtained’vith 
amounts equivalent to 106 and 112 grams drv veight re^pectivelv 
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The anti-neiiritic accessory substance can be extracted by alcohol 
from most of the foodstuffs in ^diich it is found : it is also soluble 
in water. It is not, as a general rule, extracted by ether or other 
fat-solvents, although Cooper {40) was able to detect distinct anti- 
neuritic properties in the ether extract from egg-yolk. It is probable 
that, as in the case of the iat-soluble accessory factor, the 
* solubility ' of this vitamme is variable, and depends on the character 
of the material in which it is deposited. The anti-neuritic accessory 
substance is readily adsorbed from solutions upon the surface of 
various adsorbents, e. g. animal charcoal (Chamberlain and Tedder, 
47), fuller's earth {Seidell, 48), colloidal ferric hydroxide (Harden and 
Zilva, 49). The anti-neuritic factor may be almost completely removed 
by one or another of these adsorbents, and there is no doubt that 
this property offers an explanation of the mistaken belief that the 
factor itself had been successfully isolated (p, 87}. 


Probable Idextity or the Water-soleble B axd Anti- 
neuritic Factors. 

It is now very widely believed that the water-soluble B and anti- 
neuritic factors are identical {see Drummond, 65). This conclusion 
is based in the first place upon the fact that when the distribution 
and properties of the water-soluble B factor, marked out by the 
use of rats, are compared with those of the anti-neuritic factor, 
established by experiments on pigeons, the closest possible agree- - 
rnent is found to exist between the two sets of results (see Tables YI 
and TII). Additional evidence is afforded by a comparison of the 
symptoms which are developed by rats and pigeons suffering from 
deficiencies of these factors. In both cases these point to the presence 
of a peripheral neuritis, and this is confirmed by the histological 
examination of the nerves. 


Table TI. 

Table showing Iderdity of Distribidion of the Water-soluble B and the 
Anti-neuritic Factor. 




Valu 

SoAib 

•i so-l/cz og Watcr- 

'e B Fac:o> as she.:-. 

Valut as so'xrce oj Anti- 
leri-hcri or Anti-n^Ui itiC 
Factor life:cr>cr,- 

Foodstaf:. 


lye 

I're'A^nc'rits o i lats . 

".t 0 1 li^ds'. 

Rice geini 



— _ 

— -1- — T 

Wheat- germ . 



-i_ -U 

— -f- 

Linseed 



— -r 


Lentils 


. 


^ A. 

Yeast . 



-u ^ 

— 

Egg-yolk 





Ox liver 



— 

T h 

Wheat bran . 



-i- 

_ _ 

Eresh peas . 



-T- 


Dried peas . 




~ -1- 

Fresh carrots 





Dried carrots 





Meat muscle . 




— 

]Vfilk . 



“f- 

Slight 

Potatoes 




j- 

Meat extract 



0 

0 

Meat tinned . 




V. slight 

White bread or fionr 



0 

0' 

Polished rice . 



0 

D 2 

0 
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Attempts to Isolate the Water-soluble Accessory Substaxce 
OR Axti-xeuritic Vitamixe. 

A large number of attempts have been made to obtain this accessory 
substance in a pure condition, but, as they have all hitherto failed, 
it is only necessary to review the more important investigations. 
Cooper and Funk (50) found that the curative substance present in 
an alcohohc extract of rice polishings vras precipitated by phospho- 
tungstic acid, and that this method of preparation yielded a fraction 
which was ' extraordinarily potent and free from proteins, carbo- 
hydrates, and phosphorus. Funk carried the investigation further 
(51), and fractionated the substances precipitated by phospho- 
tungstic acid by means of precipitations vdih silver nitrate, following 
the usual method employed for separating certain nitrogenous bases. 
From the silver nitrate-baryta fraction he obtained a crystalline sub- 
stance melting at 233° C., to which he gave the formula C^-Hor.O-X,. 
This substance w^as curative for pigeons. This process of separation 
was apphed to yeast and certain other foodstuffs (Funk, 53), 
and led to the isolation of a substance possessing similar properties. 

Funk considered that the chemical properties of the curative 
substance placed it in the class of pyrimidine bases. 

The substances isolated by Funk do not, however, appear to be 
the active substance in a pure condition. Father does it seem that 
they are nitrogenous bases contaminated with traces of the accessory 
factor (Barger, 53: Drummond and Funk, oT). Another attempt to 
isolate the factor was that made by Susuki, Shinamura, and Odake 
(55), who claimed to have prepared the anti-neuritic substance, 
which they termed oryzanin, in the form of a crystalline picrate. 
Drummond and Funk (54) failed to confirm their results. 

Edie, Evans, Moore, Simpson, and Webster (56) obtained an 
active fraction from yeast, from which they precipitated a crystalline 
basic substance belonging to the pyrimidine group. This they 
termed toruhn. 

The precipitation of the active substance by silver nitrate and 
baryta has been confirmed by Cooper (57) and by Vedder and 
Williams (78) and Wilhams and Saleeby (79). Further, Williams and 
Seidell (60) prepared a sample of adenine from yeast, and found that 
this had anti-neuritic properties, but lost them on keeping. They 
attributed this change to isomerisation, but their results have not 
been confirmed by other w'orkers (Yoegtlin and White, 61 ; Harden 
and Zilva, 62). 

Quite recently Abderhalden, who on more than one occasion has 
vigorously attacked the vitamine theory, has published a paper 
with Schamnann (63), in wliich they report attempts to isolate the 
accessory substance of yeast. This long and obscure paper marks 
little or no advance in this field ; no active substances were obtained 
in a pure condition, the previous work of many investigators is 
ignored, and the subject is still further confused by the introduction 
of new names (eutonin and nutramine) for the accessory substances. 

Hofmeister, in his recent re\dew of the vitamines (64), states that 
he bias* isolated from a very active solution a substance belonging to 
the pyrimidine series. It yields a crystalline hydrochloride and 
double salt with gold chloride, and he has given it the formula 
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C-H,,X0o. Tae details of his v/ork do not appear to^ have been 
published as vet. Drummond i65} has made a study of the ivater- 
solubie accessorv factor in yeast 'extract, and has suggested that 
manv of the results obtained by previous investigators may be 
explained by the readiness vrith vehich this substance is earned 
down in the" adsorbed condition by precipitates. 

SCURVY. 

Scurvy has for many centuries been regarded as a disease due to 
dietetic errors, and rightly so. It w^as common knowledge in olden 
times, especially among seafaring folk, that scurvy occimed after 
deprivation for long periods of fresh foodstuffs, and that it could be 
prevented and ramdly cured when fresh vegetables and fruits were 
available. Thus Bachstrom in 1784 'phserLaiiones circa scorhuturn ; 
eiusQue hzdolem, causas. signa et ciivain, wrote as follows : 

‘ From want of proper attention to the history of the scurvy, its 
causes have been generally, though wrongfully, supposed to be cold 
in northern climates, sea-ari, the use of salt meats, etc., whereas 
this evil is solely owing to a total abstinence from fresh vegetable 
food and greens : which is alone the true primary cause of the disease. 
And where persons, either through neglect or necessity, do refrain 
for a considerable time from eating the fresh fruit- of the earth, and 
greens, no age, no climate or sod are exempted from its attack. 
Other secondary causes may likewdse concur, but recent vegetables 
are found alone eifectual to preserve the body from this malady ; 
and most speedily to cure it, even in a few days, when the case is 
not rendered desperate by the patients' being dropsical or con- 
sumptive ’ (translation given by Lind, 66, p. 394). 

Other theories of the etiology of scurvy dating from more recent 
times include, firstly, that of bacterial origin frequently advanced 
from different sources, and secondly, the suggestion that the cause is 
chronic poisoning from putrefying meat or fish. Many adherents 
of the former theory 'e. g. Coplans, 67 : Jackson and Moody, 68) 
have brought forward some experimental support for their view*, 
the explanation being doubtless that any animal in a scorbutic con- 
dition, due to dietetic deficiency, will be a ready prey to a secondary 
infection. The second view, first advanced by lorup (quoted by 
Jackson and Harley, 69) and supported by the Trork of Jackson 
and Harley (69), has received wide acceptance in recent times, 
especially among the leaders of some Arctic expeditions, wuth the 
result that the nature of the stores taken and diet arranged was 
modified accordingly. There is, however, little, if any, support for 
this view in the final experience of the expeditions, and the inter- 
pretation placed by Jackson and Harley upon their experimental 
results has not been accepted by their scientific colleagues (Holst 
and Frolich, 70, j). 42). 

It is convenient in this place to allude to the most recent attempt 
to explain scurvy on lines other than that of a deficiency disease, 
although the theory refers to the experimental scurvy of guinea- 
pigs rather than to human scurvy. McCollum and his co-workers 
(71, 72, and 73) consider guinea-pig scurvy to be caused by chronic 
constipation brought on by an imsuitable, rather than a defective. 
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diet. Their vie^' is based mainly upon the different results obtained 
in guinea-pigs and rats, respectively, by a diet of milk and grain ; 
the guinea-pigs were found frequently to die of ' scurvy while the 
rats grew in a normal manner. These workers, therefore, consider 
that this diet contains adequate nutritive constituents for both 
types, so that the failure on the part of the guinea-pig must be 
referred to a defect in the physical properties of the diet, i. e. to lack 
of ' roughage In the light of the recent experimental work on 
milk detailed on p. 45, it is evident that the discrepancy can be 
explained by the low value of milk as an anti-scorbutic foodstuff, 
coupled with a difference in the requirements of these two animals 
as regards the amount of anti-scorbutic vitamine necessary for the 
maintenemce of health. 

McCollum and his colleagues confine their interpretation of scurvy 
to the experimental disease produced in guuaea-pigs, but this dis- 
order has been accepted on convincing evidence as the physiological 
equivalent of human scurvy by all other workers in this field. It is 
evident, therefore, that the identity of the tvro disorders must be 
denied or that the theory of McCollum must be applied also to 
human scurvy. The evidence against such a view is overwhelming, 
and as regards the guinea-pig disease, McCollum's views have been 
combated both in England and America in a series of publications 
(74, 75, 76, 77, 7S, 79, and SO) showing how the experimental results 
of McCollum and his colleagues can r^sonaoly be interpreted to 
give full support to the vitamine hypothesis.’ 

Systematic experimental work on scurvy dates from the early 
part of the present century, when Professor Axel Holst and his 
colleagues at the University of Christiania made a careful study of 
guinea-pig scurvy, its etiology, symptoms, and methods of pre- 
vention and cure, and decided jhat it offered a complete analogy 
with the hnnrarr disease. One or two centuries previously, when 
scurvy was an everyday occurrerrce and the common dread of all 
searrren, rough ‘ experirneirts ' were from time to time made upon 
the human material so nhfortunately provided. Thus Lind, in the 
middle of the eighteenth century, published the followirrg account 
of an ‘ experimerrt which expresses, as the result of his owrr careful 
observatibir, what became the common krrowledge of his own day. 

' On the 20th May, 1747, I took twelve patients in the scurvy, 
on board the * * Salisbury ' ‘ at sea. Their cases were as similar as I could 
have them. They all hr geireral had putrid gums, the spots and 
lassitude, with weakness of their knees. They lay together in one 
place, beirrg a proper apartmerrt for the sick in the fore-hold : and 
had one diet commorr to all, idz. water-gruel sweetened with sugar 
in the mornirrg, fresh muttorr-broth often times for dinner ; at 
other times light puddirrgs : boiled biscuit with sugar, etc., and 
for supper, barley and raisons, rice and currairts, sago and wine, or 
the like. 

‘ Two of these were ordered each a quart of cyder a day. Tvro 
others took twenty-five drops of elixir vitriol, three times a day, 

^ According to a private communication received &om Professor McCollum he has 
been convinced by these arguments and now regards guinea-pig scurvy as a deficiency 
disease. 
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upon an empty stomach : using a gargle strongly acidulated with 
it for their mouths. Iwo others took two spoonfulls of vinegar 
three times a day upon an empty stomach : having their gruels 
and their other food well acidulated with it. as also the gargle for 
their mouths. Two of the worst patients, with the tendons under 
the ham rigid - a symptom none of the rest had) were put under 
a course of sea-water. Of this they drank half a pint every day, 
and sometimes more or less, as it operated by way of gentle physic. 
Two others had each two oranges and one lemon given them every 
day. These they ate with greediness, at different times upon an 
empty stomach. They continued but six days under this course, 
having consumed the quantity that could be spared. The two 
remaining patients took the bigness of a nutmeg three times a day 
of an electary recommended by an hospital-surgeon, made of garlic, 
mustard-seed, rad, m-pliaii, balsam of Peru, and gum myrrh ; using 
for common drink, barley-water well acidulated with" tamarinds ; 
by a decoction of which, with the addition of creraor-tartar, they 
were gently purged three or four times during the course. 

^ ' The consequence was, that the most sudden and visible good 
effects were perceived from the use of the oranges and lemons ; one 
of those who had taken them being at the end of six days fit for 
duty. The spots were not indeed quite off his body, nor liis gums 
sound ; but ^-ithoui any other medicine, than a gargarism of elixir 
tiirioL he became quite htalthy before we came into Plymouth, 
which was on the IBth. June. The other was the best recovered of 
any in his condition : and being now deemed pretty well, was 
appointed nurse to the rest of the sick. 

‘ Xext to the oranges, I thought the cyder had the best effects. 
It was indeed not very sound, being inchnable to be aigre or pricked. 
However, those who had taken it were in a fairer way of recovery 
than the others at the end of the fortnight, which was the length of 
the time all these different courses were continued, except the oranges. 
The putrefaction of their gums, but especially their lassitude and 
weakness, were sornewha-t abated, and their appetite increased 
by it. 

‘ As to the elixir of vitriol, I observed that the mouths of those 
who had used it by way of gargarism, were in a much cteaner and 
better condition than many of the rest, especiallv those who used 
the vinegar ; but perceived otherwise no good effects from its internal 
use uponjhe other sj^mptoms. I indeed never had a great opinion 
of the emcacy of this medicine in the scurvy, since our longest 
cruise in the *'■' Salisbury'* from the 10th. August "to the 2Sth. October, 

1 1 46 : when we had but one scorbutic case in the ship. The patient 
was a marine one T^alsh), who after recovering from a quotidian 
ague in the latter end of beptemher, had taken the elixir vitriol, 
by wa\ of a restorative for three weeks ; and yet at length con- 
tracted the disease, while under a course of medicine recommended 
for its prevention. 

‘ There was no remarkable alteration upon those who took the 
electary and tamarmd decoction, the sea-water, or vinegar, upon 
comparmg their condition, at the end of the fortnight, whh others 
who had taken nothing but a little lenitive electarv and creiuor” 
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turtar, at times, in order to keep tlieir belly open ; or a gentle pectoral 
in the evening, for relief of their breast ’ (Lind, 66, p. 56). 

Holst and Prolich (70, 81) shoved that scurvy could be induced 
in guinea-pigs by removing the greenstuff from the ordinary diet of 
grain and cabbage leaves, and by giving a diet consisting of grain 
and vater only. It proved immaterial vhat grain vas used, and the 
experiments included uncooked maize, oats, barley, and rice, as 
well as wheat and rye in the form of bread. In all cases this diet 
caused severe scurvy from which the animals died in from twenty 
to forty days, showing the haemorrhages and bony changes character- 
istic of the disease. By supplementing the scurvy diet with fresh 
vegetables, fruits anid fruit juices, these observers w'ere able to 
maintain the animals in health. For example, scurvy was 
prevented by a daily ration of 30 grrn. or fresh raw cabbage, 
dandelion leaves, sorrel, carrot or cranberries. "When these anti- 
scorbutic materials were heated, their value was reduced by an 
amount depending on the temperature and time of heating ; after 
heating at 100^ C. for one hour (^ald in some cases for half air hour) 
the same ration was found inadequate to pre^'ent scurvy. A similar 
result was obtained with dried materials ; rations equivalent to 
30 grm. of ravr carrot, dandelion leaves or cabbage leaves failed 
to prevent scurvy when in the dried condition, and equally dis- 
appoinring results were obtained with dried potatoes. 

The anti-scurvy substance originally present in the expressed 
juices of vegetables sufiered a similar 'fate rapidly on keeping, but 
the expressed juices of acid materials, e. g., lemons, raspberries or 
sorrel leaves were found to be more stable in this respect. 

A further result of first-class importance was obtained by Fiirst (82) 
also working in Professor Holst's laboratory. He found tin t, whereas 
dry cereals or pulses, e. g., oats, barley, lentils, peas, beans, were 
unable to prevent scurvy in the dry condition, if soaked in 
water and allowed to begin germination for 2-3 days they acquired 
anti-scurvy properties. ’ this result has recently been confirmed by 
Chick ami Hume (S3), and Chick and Delf (S4) as regards pulses. 
In the case of cereals it has been called in question by Weil, ]Mouri- 
quand, and Peronnet (So). The published account of their experi- 
ments is not very detailed, and it does not -eein impossible that they 
might be interpreted in the opposite sense to that adopted by the 
authors themselves. 

From the researches of Holst and his colleagues we are enabled to 
make the following generalization. The anti-scorbutic accessory factor 
is found in nature associated with living tissues in which metabolic 
processes are still proceeding. When these active processes cease 
or are greatly reduced, as in seeds, or when the tissues are destroyed, 
as in drying or heating, the anti-scurvy ’ vitamine ’ also disappears. 
In the case of seeds it is created anew during germination. The 
distribution of this factor thus presents a marked contrast with that 
of the anti-beri-beri factor, of which one of the principal sources is 
found in dry seeds. 

The researches of Holst and his co-workers have been continued 
during the last three years by a group of workers at the Lister Institute, 
with the aim of making a more complete survey of the commoner 



Fig. 13.^ IVeight Charts ot fire typical experintaitis with g'.;inca-pi^s showing dif; 
anti-scorbntic value of orange yoice aacL flash cabbage ieavc-^ : 

Curve A. Typical sciirv^r on a diet of cats, bran and watci. 

Curve B. Typical scurvy on a diet of oats, bran and sterilized ntilk i heated to 120" C. 
for one hour in the autoclave' . 

Curve C. Typical scurvy- on a diet of oais, bran and water, cui’ed by addition of 
orange juice and autoclaved milk to the diet on the twenty-second day, when 
the symptoms were well marked. 

Curve D. Weight chan shcR-ing influence of 5 c.c. fresh oiange juice daily added 
to the * scurvy diet ; autoclaved milk added to the diet on the nfty-sixth day. 
Curve E. ISormal v-eight chart on a diet cf oats, bran and cabba^re leaVes «'30 grm. 
daily). 

Curve r. Weight chart on diet of oats, bran, autcclaved milk and 3 c.c. fresh oiange 
juice daily ; specially favourable circumstances — ^warm weather, kc. 

for such kno'^vledge presented hr tvar-tirne conditions (Chick and 
Hume, SB : Chick, Hurne, Skelton, and Smith, 5»3 : Chick and Ehodes, 
87 : Delf, 8S ; Delf and Skelton, S9;. To these workers and to 
other members of the staff at present engaged in this research we 

* Beproduced from the figure in the TrcniscictiO'is c/ il.e Society of Troyicol 
Medicine and Hygiene with the permission of that Socieiv; Chick and Hume, vol 
.V, 1917, p. 152. 
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are indebted for much nnpubli^rhecl iniormaiion. and for permission 
to incorporeite it in the lollo^ving paragrtiphs. 

Yomrg. gro'.ving gumea-pigs '350 grm. vreight) have been 
employed lor the vroih. the methods used being in essential those of 
Holst and his colleagues. The principal modiheation has been the 
substitution oi vrater in the scurvy diet of grain and water by a daily 
radon of about 60 c.c. strongly heated autoclaved at 120^ C. for one 
hour) milk. This addition of milk very greatly improves the general 
condition of the experimental animals, although the onset oi scurvy 
is not thereby seriously influenced. Xormal growth takes place for 
the first 15 to 20 days oi tire experiment in spite of absence of 
anti-scorbutic material : with onset of scurvy symptoms, about the 
twentieth day. the weight of the animal begins to decline, death 
from acute scurvy ensuing about the thirtieth to fortieth day. The 
general type of the weight curve on ct scurvy diet with and without 
the addition of autoclaved milk is well seen in Fig. 13 by observing 
the details of curves A and B respectively. 

The main objeci; ot the work has been to deiernririe the minimal 
amount of the various foodstuffs that must be added daily to the 
* scurvy ' diet in order to prevent occurrence oi scurvy. When this 
minimal amount hr inoie) is consumed, growth does not cease about 
the twentieth day. but the animal continues to grow in good health 
without symptoms of scurvy Furve F, Fig. 13). As a general rule 
the animals were kept under obseivation diinng three months. 

The synrptoms of severe scuivy in guinea-pigs are briefly the 
following : tenderness a.nd swelling ot the joints is the earlie'^it sign, 
and the animal will frequently adopt a position -scurvy position), 
in which it rests on its side, while the painful member is held twitching 
in the air. In other coses the animal lies dovai with the side of its 
face upon the floor of the cage ■/ scurvy face-ache position ■), indicating 
that its guim and jaw liave become painful see Fig. 14). Later onteeth 
become loose, solid food is rems-ed, and death may occur a few days 
later. In cases where the anti-scorbutic given is only adequate 
for partial protection, the animal will usually live on "for a con- 
siderable time, exhibitmg swollen and painful joints, but growing 
up and enjoying a measure of health and spirits depending on the 
degree of protection afforded. 

In case oi death from scurvy the principal lesions at the post- 
mortem examination show close analogy with those characteristic of 
the human disease. Haemorrhages occur in any position, bur are most 
frequent in tbi^ limbs. In cases where they occur in the intestinal 
tract blood is frequently passed in life, and death occurs suddenly. 
Rarification of the long bones is almost invariably x^resent, and these 
frequently show fracture in the neighbourhood of the junction of 
^haft and epix)hysis. The ribs are swollen and often fractured at the 
juncture of bone with cartilage. 

Table VIII, which is drawn up by the staff working at the Lister 
Institute, shows the apxaroximate anti-scorbutic value of a whole 
series of foodstuffs ; the values given are based upon the minimal 
protective doses as determined for guinea-pigs. As in some instances 
the experiments are still incomplete, it is not possible to attach 
exact numerical values in every case. The series of signs are, 
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liowever. anvjiged lo express the relative value of the various 
materials viih as much exactness as is possible at the present 
time. 


Table YIIL P'’'otectr:e Value of Various Foodstuffs against 

Scurvy. 

0 = no value detected. 

Value Min. Daily Datiov 

prf tojil Scurvy ir 
Gidr.ea-pigs. 




against 
' Scurvy. 

Ce-eals. 

\\'hole grain 

0 


Germ 

0 


Bran 

6 


Endosperm, e.g. -vviiiu^ wliearen 
fiour, polished rice 

0 

PnUes. 

AVhole drv 

0 


Germinated. -'Lentils^ 

_ _ 

Vejeiablcs 

. Cabbage, raw 

— --- -r **" 


,, cocked \ hr. at 100= C. 

+ ‘f 


Runner beans, gieen piods 

— -r 


Carrot (juice) 

-i. 


Beetroot juice} 

__ 


Swede (juice; 

— -r 


Peta-to, cccked £ in’, at 1‘Xr C. 



Onion 


Desiccated 

Vcaetahlcs 

— to 0 


PicHed Vegetables 
Fruits. Lenicn juice, fresh 

.. preseivei 
Orange juice, fresh 
Lime juice, fresh 
,, ., preserved 

Grapes 
Apples 
,, diied 
’^Tamarind, dried 
*!^^arigo .. I'AinchiLr'j 
*KG]iiin2 


+ 


+ TO 0 
Less than -r 


+ 

+ 


Eggs. 

Fresh, whites 

'' -iO 


yolk 

?0 


Desiccated 

?0 

Meat. 

Raw (juice; 

Less than •— 


Tinned 

0 

Milk. 

Cow's, raw 

Less than -J- 


,. dried 

Less than raw 

Yeast. 

Pressed, antolysed 

?0 


Extract. ' marmite * 

?0 


o g. 

Ig- 

og. 

og. 

20 c.c. 

More than 20 c.c. 

2*0 c.c. 

20 g. 

60 g. expressed a.- 
eciuivalent in fresh 
caboage. 

1-5 c.c. 

5 c.c. 

1‘0 c.c. 

10 c.c. 

More than 20 g. 


More than 20 c.c, 
100 to loO c.c. 


* Dried fruits much esthnated as anti-scorbutic by natives of India. 


Vegetables. Among the most potent anti-scorbutic materials are 
placed ratr cabbage leaves, the rate juice of swedes, and the juices of 
the citrous fruits. Eaw cabbage leaves take the first place, 1-5 
grm. dailv sufficing to protect from scurvy, or, in exceptional 
cases, as little as 0-5 grm. (Delf, SS). Among root vegetables there 
are great differences, raw carrot juice and raw beetroot juice 
prot^g comparatively feeble, while raw swede juice is placed in 
the front rank. The potato, which was tested in the cooked condition 
(after hali-an -hour's boiling), would appear to occupy a mean position. 
In this connexion it is interesting to note that the cabbage and swede 
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are nearly allied species and belong to the same natural order of 
plants, viz. the Criiciferae. The old legend teaching that plants 
tvith a cruciform arrangement of the flo^'er possess special virtue 
in the service of mankind thus receives scientific support at this 
late date. 

Fresh fruit. Among the fresh fruits examined, the orange and 
lemon are easily the most valuable anti-scorbutic agents. It is 
therefore the more surprising to find that the juice of fresh limes is 
distinctly inferior, but such it has proved to be. The experiments 
on this point include tests vrith monkeys as veil as guinea-pigs. 
Ordinary preserved lime juice was found to be aiinost devoid of anti- 
scorbutic properties, but preserved lemon juice appeared to be 
distinctly more satisfactory. Experiments are now* in progress with 
the aim of discovering some method' of preserving lemon juice which 
shall retain its original anti-scurvy value. 

Dried vegetailes and fruit. Dried vegetables, in confirmation of 
Holst’s work, have been found practically useless (89, 90). From 
Delf and Skelton’s results, cabbage leaves within two weeks of 
drying were found to have lost about 98 per cent, of their original 
anti-scorbutic value, vrhile three months after drying less than 
5 per cent, was retained. 

The dried fruits examined were old specimens, probably six months 
old. Some degree of protection was detected in the small doses 
that could be administered. 

yiilk and yneat. Milk and meat come last in ,the order of merit. 
Large quantities of fresh raw cow's milk, 100 c.c, daily and over, 
are required if scurvy is to be prevented by its agency alone (Chick, 
Hume and Skelton, 74, 75). In case of raw meat juice a daily ration 
of 20 c.c. offered only a very slight protection ; a larger ration was 
not tolerated. 

Among the foodstuffs in which no definite anti-scurvy properties 
could be detected by the method employed are the following : eggs 
(both fresh and dried), cereals, malt (dried and kilned), preserved 
lime juice, autolvsed veast and veast extract <^marmiteL pickled 
cabbage. 

Eesistaxce of the Axti-scurvy Factor to Heat, 

Dryixo, <i:c. 

The absence of the anti-scorbutic principle from dried foodstuffs 
and its disappearance from powerful anti-scorbutics when these 
are reduced to the dry condition, is sufficient proof of the sensitiveness 
of the anti-scorbutic vitamine to drying. It may be regarded as 
an axiom that dry or dried foodstuffs Avill not prevent scuiwy, and - 
in this respect the contrast betAveen the anti-beri-beri and anti- 
scuiwy factors is A^ery marked. 

With regard to exposure to high temperatuies, the anti-scorbutic 
factor is also much more sensith-e than the anti-beri-beri factor, 
or the fat-soluble A factor. The experiments of Holst and Frolieh 
upon this point haA’e already been referred to, but more complete 
series of experiments upon this point haA'e recently been carried 
out at the Lister Institute by Dr. Marion Delf (89). Working Avith 
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ra-w cabbage leaves the minimum daily ration required to prevent 
scurvy in guinea-pigs -n'as determined to be less than 1 -o grm. and 
greater than 0-5 grm., i. e. about 1-0 grm. TiTien the^ cabbage 
was heated in water at 60' C. for one horn’, symptoms of severe 
scurvy were just prevented by a 5 grm. ration. TMien the tem- 
perature was TO", SO"", 90", or 100" C. for the same period, scurvy 
was not satisfactorily avoided. If the time was reduced to twenty 
minutes, the same ration, 5 grm., prevented scurvy when the 
temperature was 90" C. and just failed to do so when the" temperature 
was 100" C. 

The conclusion drawn from these results is that when cooked for 
one hour at temperatures ranging from S0= to 100' C., cabbage 
leaves lose about 90 per cent, of the anti-scorbutic value originally 
possessed (anti-scurvy value of 5 grm. ration reduced by cooking 
to the equivalent of about 0-5 grm. raw cabbage,. In" a 
manner the loss on heating in water either (a) for sixty minutes at 
60= C., or (b) for twenty minutes at 90-100= C., was "estimated at 
about SO per cent, of the original (anti-scurvy value of 5 grm. 
reduced to the equivalent of about 1-0 grm. raw cabbage). 

An interesting point emerging from these results^ is that the 
destructive influence of heat is enhanced to a comparativelv slight 
degree with rise of temperatm-e. Upon the above estimates, the 
rate of destruction is accelerated only about threefold (time required 
for destruction of 50 per cent, of the original value reduced to one- 

third) when the temperature is raised frW 60= C. to boiling noint 
i. e. 40= G. c F > 

If the process of destruction by heat of the anti-scorbutic factor is 
assumed to be influenced by rise of temperature in an orderly manner, 
this result points to a temperature coefficient of about 1-5 for 
10° G. rise of temperature. It is suggested by Delf that this 
low result may be of value in guiding speculation as to the character 
of the unknown anti-scorbutic factor, that it is opposed to the 
enzyme or protein-like theory of its nature and would aruue a much 
simpler constitution. Destruction or denaturation of protein bodies 
by heat has been shown to possess a much higher temperature 
coefficient than the ordiimy chemical reaction, which is accelerated 
2 to 3-fold for 10 C. rise in temperature. The results obtained 
in a few typical instances are collected in Table IX. 

At the same time it must be remembered that in Delf’s 
experiment the anti-scorbutic material was contained in a tissue of 
vegetable cells, and it is possible that the low temperature coefficient 
may have reference to some extraneous limiting factor. Much 
further lignt mai be expected from experiments now in prome'-®' 
on the effect upon anti-scorbutic value of heating the expressed 
juices of fruits and vegetables. ^ i - 
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Table IX. 

CO‘^ fic.e--t cf Isa: ch.ar. ie jc ' 

S.ibsta-icc. y'.ss '.r.\. i'oe--at'.-'e. Ob-se^ie-'. 


Emuisin .... 

T-U 

Tainnian (91, 

Haemoaflcbiii .... 

13-S 

Click and Alaxtin (92' 

Egg albumin .... 
Bacteria, disiirfecticn bv heat. 

aSo 

„ ■;92- 

B. antJi -acis spores 

Bacteria, disiufecticii b\' heat. 

10 

Ballner 93- 

B. typhoi j.S: 

13u 

Chic-h {9-1 

A'ibriolysin .... 

1.000 

Fainulener and Madsen '95, 

Hydrolysis of cane sugar . 

3-0 

S}ichr ■ 96; 


The above experimental results conimn those of Holst and Frolich 
(70) in shoving the great sensitiveness of the anti-scurvy factor to 
temperatures of lOO^C. and belov. They are also in marked contrast 
vith the results obtained vith the anti-beri-beri factor. In this 
case little significant destruction was detected on exposure to 
100^ C. for one hour or over (see above, p. 34). This greater 
instability of the anti-scurvy factor is a matter of the greatest 
importance in estimating the anti-scorbutic value of cooked vegetables 
and the relative merits of different methods of cooking, and vill be 
referred to later under that heading, p. 64, 

The anti-scorbutic factor is soluble in vater and in alcohol (Harden 
and Zilva, 49 r Hess and Unger, 97) : it passes through dialysing 
parchment (Holst and Frolich, 70, p. 109), or a porcelain filter (Harden 
and Zilva, 49), without appreciable loss. The latter observers have 
also shown its behaviour towards adsorbents to be different from 
that of the anti-beri-beri factor : it is not adsorbed upon the surface 
of fine precipitates such as fuller's earth or colloidal iron. WTien 
a mixture of equal volumes of autolysed yeast and orange juice was 
treated with fuller's earth the anti-neuritic factor was removed 
while the anti-scorbutic remained unaltered. 

Holst came to the conclusion that the anti-scurvy factor was more 
stable in acid than in neutral media. His opinion was based mainly 
upon the fact that acid fruit juices retained their anti-scorbutic 
properties much longer than vegetable juices. Recently Harden 
and Zilva (9S) have shown that the presence of alkalis, even 
when dilute (1 oQ normal sodium hydrate) and at room temperature, 
has a rapidly destructive effect upon the anti-scorbutic vitamine. 
These authors have called attention to the danger involved in the 
practice of adding sodium carbonate when boiling green vegetables. 

It has been suggested that the loss in anti-scorbutic value suffered 
by vegetables during cooking might be lessened if the water in which 
they are heated were made shghtly acid with citric acid. The 
suggestion Avas originally made in respect of germinated lentils in 
order to preserve the airti-scurvy A'alue as far as possible where 
these may form the only source of anti-scorbutic material in a diet 
(99). It has, howeA-er, been shoAA'n experimentally by Delf (SS) 
that. AV’hen 0*5 per cent, citric acid is added to the Avater in AA'hich 
germinated lentils are boiled, the loss in anti-scuiwy properties is, 
if anything, greater than A\'hen no addition of acid is made. 

It follows, therefore, that in cooking A'egetables there should be no 
addition either of acid or alkali to the AA'ater in AA-hich they are boiled. 
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CHAPTER IV 


applicatiox of expeediextal work to the 

PEACIICAL PROBLEMS OF HUMAN DIET’-. 

This section of the subject must necessarily be the oul* vrhich 
'arouses most interest, and it is. therefore, a matter for regret that 
our limited kno^dedge of the accessory substaiiices should restrict to 
some extent the consideration of practical issues. Certain facts are, 
ho^vever, clear, and the application of these may be discussed vrith 
profit. The objection may be raised that the many theories 
concerning the accessory factors have been based solely on the 
results of experiments vdth animals such as rats, mice, guinea-pig-, 
pigeons, and, to a. small degree, monkeys. There is. hov'ever, very 
little, if any, evidence that man’s dependence on these factors is not 
as great as that exhibited by the rat or guinea-pig. We may as-urne 
that beri-beri and infantile beri-beri represent in man the ultimate 
result of a deficiency of the water-soluble factor, whilst symptoms 
of nutritive failure analogous to those sliown by rats have been 
observed in young children suffering from e. deficiency of the fat- 
soluble factor, and human scurvy is well known to result from a 
deficiency in the diet similar to that causing scurvy in guinea-pigs 
and monkeys. Evidence is also accumulating that accessory factors 
play a very important role in the grovrth proce-ses of the higher 
animals, and many recent advances in animal husbandry h;.ve been 
based on these laboratory experiments with the lower sjiccie.-. 

It is of the greatest importance to emphasize the fact that a de- 
ficiency of an accessory factor may be of a much smaller order than 
that necessary to pioduce the iypic.il syndrome of the disease usually 
associated with that deficiency, but may nevertheless be sufiicienT 
to induce a distinct failure of nutrition and health. Th:- is pai- 
ticularly true in the case of young children. Fortunately, in ihi- 
country our natural dietary is -o varied even amongst the* poorer 
classes as practically to precludi? an absolute deficiency of any 
particular factor arising, so that ihere is little fear of the incidence 
of a typical deficiency disease such as beri-beri. On the other hand, 
there is a very real danger that the irnproperly balanced dietarie- 
consumed in many cases may lead to a jDartial deficiency of one 
or more of the accessory substances, if not of other components a- 
well. The influence of these partitfl^deficiencies, even when relatively 
slight, may be extremely serious vaien they occur in very early life, 
and, if we may judge from the experiments on animals, an adequate 
supply of these indispensable dietary components in later life may 
completely fail to make good the dam^ige caused by the deficiencies 
in youth. 

Table X shows the distribution of the three accessory factors in 
the commoner foodstuffs and will bo found useful for reference in 
reading the following pages. 
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Butter 
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^Mutton and beef fat or suet 
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Lard 

0 


Olive oil 
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Cotton-seed oil 

0 


Co CO -nut jil 
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Coco butter 

0 


Linseed oil 
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Fish oil. v'hale oil. herring oil. A'c. 

_ _ 


Hardened fats, ardnial or ve^. orisin 

0 


Margarine prepared from aninia] 

Value in 
prop, to 
ainctini. of 
animal tat 


. 
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Margarine from vrgetaV*<e fat=: or lard 

0 


Xut butters 
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Lean meat f'boef. mutton, kc . . 
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' Liver 
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Bre'rcci. rr-vr, expressed juic® 
Potriioes, raw 
,, ccoked 

Beans, fresh, scarlet riiiraers. raw 


Lerncai ’iiicc; fresh 

.. preserved 
Lime juize. fresh 

.. preserved 
Orange jnize. fresh 
Baspberrios 
Applies 
Bananas 

Tcnir.tces 'canned 
Xnts 

Misctlla 

Yeast, dried 

extract and autch’sed 
Meat extract 
hJalt extract 


Beer 

Honev 



DIET OF ADULTS. 

Althougli there are reasons for believing that the adult hai^ smaller 
requirements for the accessory substances than the growing child, 
the beneficial inhiiences of a liberal ??upply cannot be denied. 

There are some grounds for believing thiit the accessory food 
factors are concerned in the processes of tissue formation and repair, 
and we should therefore expect larger amounts to be necessary after 
exercise than after periods of rest. TThilst there is as yet practically 
no experimental evidence upon this point, there are indications 
based upon human experience that the demand for the three accessory 
factors is greater wdren vrork is being accomplished. This probability 
should be borne in mind when the dietaries or rations of those engaged 
in severe manual work, such as soldiers and labourers, nr-? being 
considered -'see p. 67). 

For many years past the value of a generous dietary in combating 
diseases such as tuberculosis has been universalh' recognized, and 
it is a curious fact that many of the foodstuffs w'hich enter so 
largely into the compositiomof these dietaries are those which are 
particularly rich in one or other of the accessory substances. 

E 2 



Tlir l'AT-sOLU3Li: ACC£^S 0 RY IS TiiE LK ADULTS. 

Consid-c-iiiig iix iLj Jir-i pidCo ili- icir-^oludk' c._ccc-'r>ory :l uOl..- 
vrorthy that milk, cream, ijiitter, end cod-Iivor oii, all ricd: ’:>ourct-S o. 
this factor, lorni rke basis of the treatment of diseases of inalnutruion 
a:ud of tuberculosis, and it must be admitted that such foodscutf- 
are more than mere -oiirces of fat, otheiuvise the cheaper fats r^ucii 
as lard and the vegetable oils v/oiild long ago have been adopted cjS 
equally enicient for the purpose. 

The very fact that the latter oih are not employed, or have b«e'.-n 
employed and rejected as of no value, suggests timr snme facL*»r 
other than fat is operating in the case of milk-fat mid cod-liv^r o:l. 
In this there is an illustration of the results of scientific iuvestigath.iii 
justifying the selections based on long practical experience. 

With regard to the fat--oluble A factor our proscni knuv.-Ljdg. 
does not enable us to make definite statemeni- as to the OLlect uf 
a deficiency in the diet of an adult, but experience i- much mori 
f.dvancGcl as concerns the water-soluble R hiiii-iieuritic^ and cUiii- 
scorbutic iacrors. 

The Watek-soll'Ble B ■'Anti-xeuriiic; Factor ix the Bjet or 

Adults. 

Although the exact knowledge vre posses- regcLiding the ui-i j*ioui in:, 
of the anri-neuritic accessory factors has beai obtained by expioi- 
rnents upon birds, the analogy betv/een avian polyiieiuTLi" and 
human beri-beri i' so close that we may apply it without uii-giviii^ 
to the latter case. This conclusion is also justified by a careful singly 
of the conditions under which human beri-boii has bj’ok.-n out 
under which it has been cured. In laony case- ih-.- recor-!- v.W'' 
incomT:)lete, but their value is frequently cni.cincod by the faci that 
they were made by observers vdio vtero ignorant of the ^e-u]t^ of 
experimental work upon the subject, und Avhen pieced iog«eihor 
amass of evidence is obtained which i- in full accord with \]u- 
principles set forth in the pre'ceding charirer. 

BcTi-bcyi O.S iflC VC-ildt OJ 0. diet CO’li'lStl’L'i too f-Xclu-ii CCL*! f'jf 

an o'cer-iuiUcd cerc'il. 

The classic example is found in ilm ])ri‘valencu of b.jri-bfT; 
among the poorer classe- in Japan, Alalay states, ccc., whore rice 
h the sta.ple diet. The researches of the invostiaeior- montion.-fl 
on p. 26, have succeeded in correlating the dise.h-c- v.dth the cm»u* 
sumption of steam-milled, white, polished rice. Wher.. tlie rice was 
merely husked and the outer skin and gLi-jn were retained, or where 
the rice was millecL in domestic or native mills, so that the separation 
of these constituents was much le-_- complete, heri-beii did not occur. 
Further, in localities where it is epidemic, beri-beri has be.en both 
cured and prevented by substituting vdiole ric-.* or rice p]-epcirod in 
the native manner, for the fine, white, poliriicd itcl. 

Eijkinan ■ lOOj quotes an observation of A orderman. v hich point-' 
forcibly to the connexion between beri-beri and liighlv mille l 
rice. Thi- worker made a survey of all the prison- in j;iva andi 
Aladura, noting the type of rice con-umed aiid the incidLiico oi 
beri-beri : his observations extend-jd over a toial popuLtion of mot.* 
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tiian 279,000 perf-or.-. The iv^suit- rvp siininianzeci in Tatle XI 
and TiiOVv- hovv’ clo'^ely ihe ineiuence Cv-ii-bini varies vriTh the 
decijve 01 irallirik' ri.e liee ha- iind-rnone. 
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ApcV-’ i-oni ^Iv— - aen-icJ vr tioii-, :h*.re h^vo baeii a :evr 
delin:-'' ]iinu7,ji -xi-c-irm-vai^, \vh:c!i iiir-v be cit.e'1 _ieie. and 

Crowi-il -lOl' obininci! a rnimber oi volunteers truin c-iuo 2 :g rlie 
piisoLri- in 0 hhi in ilio Philippine Islands, and these Avere placed 
upon -irictly conirulled diet, divided into teui gj'oup-. Ai: receiA^ecl 
a C'^nain aramint ru Jish, bacoi:, land, banana-, potatoes, :aid -itgar, 
bur j'ic- w- iiiO -*apln tjiich- ui dh-i and wn.- providel in three 
dilun-nt mri:.- .or i).-- niur group- o: jjrison^i- : ihe r-sulis vere 
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]:oiishec7 : ic i* ui:J exiiv.c’ o: 7!. 
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0 
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13 

(■rcup.'t Hicirl 

•?. i. f. liiinTiiiffi i\ic* . 

• f 
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Thi- axpejinit-nr -uggot- that wh-n ihe eaet cunsi-t^ mainly of 
cereal loud., beii-beri can u-ually be prevented, it a vhole, 
inimillod cr).-a] is .nnployed, bur that there i- not a giuOit irnrrgin 
oi -af-ry. Ii rvill bo noticed that the other subs.dia.'y ai rides oi diet 
AVt-re pool in cointeri of anti-ber:-be:i viir.rniiy, 

Analogou'i cases oi beti-oeii outbreaks among wheat-eating 
populations aie not so eornnion. The peoples avIio are accustomed 
to con^'Urne rvhite A\dieatcn bread belong to the more highly cmlizecl 
and richei countries, where the diet i- varied and a sufficiency of 
anti-beri-beri factor is obtained from other constituents. There are, 
however, a tevr instructive instances among which the lolloAA-ing 
four cases may be mentioned. 

1. In XeAvfoundlancl and Labrador the population subsists largely 
on bread during the winter and spring. FornieiTy, Avhen the bread 
Avas baked from ‘ broAATi ' flour, beri-beri AA’^as unknoAvn, as can be 
testified by the memory of the older inhabitants. At the present 
time, with the advance of civilization, the bread is made from pure 
AA’hite wheat en flour and beri-beri is frequenc. Little (102} relates 
the iolloAving interesting occurrence. In 1910 a sliip ran ashore, 
laden with a cargo of whole-meal wheaten flour, and in order to 
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li.r ci coi-bideratlr portion of iier load vras removed and was 
subserru-ntiy consumed by the population in the adjacent districts. 
The resulL wa- thai no case of beri-oeri was rej^orted in that region 
for a period o: one yearn following this event. 

2. Bej'i-fcer: was a rare disease on Xorwegian ships before the 
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among our troops in the Dardanelles and in ilesopotamia ■'dd’illcox, 
lo4y In the latter campaign it is illuminatinfr to noie ilnii the 
disease was confined to the British uoops and wa- iKJt n*porir-d 
among_ the Indian soldiers. -This immunity was to be expected, for 
in addition to aita. a coarsely ground, whole-wheat flour, iLe 
native soldier receives a generous daily ration of d^/iall or drv 
pulses o: various kinds, Avhich are rich in anti-beri-beri vitaiuiue-. 
(See Tables II and III.) 

4. The difference in the type of cereal ration issued l■e^pecti^■ely 
to the British anci Indian troops was the basis of ^.n uncou-^cioiis 
* experiment which took place during the siege of Kui. In hi^^ 
account of the meaieal arrangements during the siesre of Kut-cd- 
Amara ."December 1915-Ai3iil 1916), Colonel Hehir^lOoh I.Al.'^. 
writes : 

‘ In the early stage of the siege, a recrudescence of i)eri-bori among 
British troops gave rise to some apprehension, but it them disa]}])earc'd, 
whilst in Indian troops and followers duriim the latter half of the 
siege scurvy caused anxiety.' 

At another place in this diary we learn that the Biitisli ti’oons 
were receiving Vvdihe Avheaten flour until February 5, 191G, after 
which date they were compelled to take part of their flour ration in 
tne form either of barley flour or ot attci. It is verv sign ili cam 
that b«jii-beri should have occurred while the British ti’oops wa»’o 
eiiKying white wheaten bread and should have cleared up when 
tnea compelled to share the coarselv milled, gerin-containiuf^ 
flour ot their Indian comrades. The incidence of scurvv durirn/ this 
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siege showed du entirely opposite distribution ; the Briiis/i soldiers 
were protected hy the large ration consumed cf meat and liorserlesh, 
Vv'hile t lie Indian -oldiers. la] gely vegetarian in hahit. suffered terribly 
from thi- disease. (Sec* aho below, p. 64.) 

Ihe moral to be dravrii from the above expeiience is that joi' the 
preventio}: of beri’^eri. it is iiaportofit fiat the gero: ojui bran of iJieut 
should be v:chidcd za the rnayaifodure of oread biscuit fu' anu 
population lining o-i a restricted diet. Th is is specially desirable in case 
of soldiers on acticc service uherc fie rest of the rnrAon rrag consist 
largeln of tiny cd foods iuiicl' vnew be regarded as vUarfiinc-free, oicing 
to the hich teynpe rath res at .chicic they have been sterilized. 

In this connexion ationtiozi may also be drawn to two aaticlus of 
diet, specially rich in anti-beri-beri factor and cilso specitilly suited 
to the need of ctrinies on active service, viz. yeast extract and 
preserved tggs. 

Yeast is one of tli-- mo^t VcJuablc :rOuice- of th: anii-neuriiic factor 
and, in ill-- ioro of c-U extract, gives the I'leasant savoury taste to 
many of th- soup enbe^ at pies cm on the market. One comrncrcial 
sample of such an extract yuarrnite) has been found on examination 
to retain the original value of the yeast iiom which it liu- been 
prepared, --jc lablc II. I’he addition of such an item to tIil -ohiierh 
ration would be a u-oful and agreeable method of increasing the 
supply of anii'b-vi-b-ii vii amine in his diet. 

'Dried eggs hav..- bean found c-xperirnentally to retedn ihs valuable 
anti-beri-beri propcTiie^ of ihu ii’Gsh article. They probably are 
much too ^xpun-ive an ciriicle to be incluthsd in the ordinary soldier’s 
ration, but liiere can be no question of tli-ir suitability for inclusion 
in hospital store-. A large proportion of medical casualties on foreigi. 
service consists of intestinal diseases, and both during the acute stage 
cUid the subsequent convalescence the diet is largely restricted to 
bread, condensed or timitd rniit, and invalid foods, which may bo 
regardo-l as viiunirie-free. It was noted by W illcox (104) that among 
twenty-six cases of beri-beri diagnosed in the autuirm of 1915, 
eighteen had previously suhered from diseases of the digestive ^nicl 
alimentary sy-tem. It is not improbable that the restricted diet 
necessitated by tht-u disorders may have been th(3 predisposing 
cause of the ben-btri which occmrecl subsequently. The audition 
of egg=^ wuuid have niaierialiy enriched these invalid diets in 
respect of anti-beri-beri properties, and in the form of dried eggs 
the addition could be jjiade with the greatest convenience. 

Before leaving this subject it may prove useful to give as an 
illustration the dt-taih of certain diets which have recently been 
found to occasion beri-beri, and to compare them with certain orhei-, 
which under similar circmnstances of climate, locality, occ., were 
found to be satisfactory.^ 

Diets A 1 and A 2, given in Table XII, refer to a camp iu a ]\Iedi- 
terraneau area in which beri-beri occurred : they are essentially the 
-arne diet, but inasmuch as the rice ration was occasionally substituted 
by peas and beans, they form diets very different ^cS regards the 
j)rolectiori afforded against beii-beri. Both, however, are inferior 

^ For permission \o publish the dctaih of this investigation we aie indebt ea to Wajor L. 
Biaddon, Ii.A.M.C.. and the Directoi -General of the Army Medical Service. 



fo Diets B an:! C, Avhieii Weiv :-.sue:l to similar neighboming coin- 
ramt:ti:-s, in which no beri-beri vras reported. Atter the diagnosis 
of beri-be:i bad been substantiated in case of ceitain men receiving 
Diet A 1/A 2. a car'-ml search among the healthv men of the same 
cominniiitv revealen a widespread abriorniahty in Knee-jeib'* and 
other nen'ous ledexes. This is an impoitent observation, as 
it ^hovrs definitely that normal health may be underminen by 
a deficienev in diet before iiny symptoms ar-^* apparent 1o the ca'iial 
observe] or to the individual himseli. 
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In Table XII an anangernent is adopted by which I'oodstuf'fs 
deficient in the aiiti-beii-beri factor are collected in one gioup and 
those more valuable in this respect in the second. The points to 
be noticed are, firsrly, the large iirepondercance of cereal food ^ in 
the diets A 1 '252 oz. weekly) and A 2 (22T oz.) compared with 
B (13B oz.) and C (196 oz.;, and secondly the smaller proportion of 
vitarnine-containing foodstuffs, Al, 56 oz. weekly : A2, S-l oz. ; 
B, 100 oz. : C. 105 oz. 

If the ratio — Xo. of oz. vitamine-containing food , Xo. of oz. 
vitamine- deficient food — be calculated for the four diets, we get 

^ Cooper and Braddon 10«3 i tound that the time and onset of pohniemitis in birds 
varied inversely with the quantity of polished rice fed to them ; andhliat the amount 
of vitamine necessary for protection depended upon the size of the carbohydrate ration, 
Vedder ' lOT-, on the other hand, is of opinion that the size of the carhohydrate iai ion is 
without offr-rr on the onset of beri-heri. 



a -erie- oi viAiie- irom 0*2 lo:-’ di-t A1 to 0*.j loi ci-t- E ^.nd 
C . It tycald appec.i c.^ ii thi> ic.tio migiit jjiovide c. inciicaiioia 
01 the value oi ^ diet lor the pirvention oi h-eri-b-ri. 

The ANTi-scoEBriic Factor ix the Diet or Adults. 

In attempting to apply the i■e-lIlts^ oi oxpeii:r.er.tal 'voik upon 
scurvy in animals to the ca>e oi human aiet, v.e are corironted 
with the same dimculty as in the paiallel instance oi beii-beri. The 
Cjuesrion whether guinea-pig -cuivy and hirmaTi scurvy r.ie to be 
regarded as the same diseas- iias. however, been answered in the 
auirmative; by those having experience of both diseases. In etiology, 
syrnpioms and methods oi cure, the analogy b’etween the two is so 
close that they rna.y be regarded as pathological equivalents. In 
addition there are some scattered observations vAili monkoys in 
Vvdiich the manhestations of the disease approach even nearer to 
rhose of human scurvy, especially as regards posi-rnortern appeal - 
ance-. These seive to bridge the 'litmrencas existing bftween 
guinea-pig scurvy and. ilie human disorder. 

But valuable di^'oct evidence upon this point is also found in the 
hi-tory oi outbr-c.ks oi liuinan scurvy. :n ca^es where the deiaih 
of ihe faulty diet cSiid of the means successfully adopted lor euro 
have been ihithfilly recuj’ded. These instamces may not offer 
convincing eA'idence when considered singly, but taken collectively 
tliet’ form tUi impressive confiiriiaTion of the expierirnenial woik and 
of the velu'j- assigned to ihe various foodstuff- in the second column 
of Table VTII. In point oi tact a table of vahtes consiruciecl urjon 
tbe silted eviilence of past human expeiienc:*, vrould contain the 
foodstufth ranged in an order not differing markedly from that 
construct t'd upon the re-ults of f-xpeiirnental work. It is proposed 
to describe a imv typical cases by way of illustration. 

Frait. The great value of fresh vegetables and fruit in the pre- 
vention and cute of human scurvy has so often been emphasized, 
that its reiteration has become a commonplace. The juice of fresh 
citrous fiuirs has for centuries been regarded as the anti-scorbuiic 
material par-excellence. The ' expeiirnent * made by Dr. Lind -lOS) 
in 1747. ipiorecl above, p. 89. is one oi the mosT carefully locorJecl 
instance-, but others are to b-e found in abundance. 

Curran (lOOf mention- two ‘ hopeless ' cJises of -curvy who 
received ^ oz. lemon juice with -ugar and water tin ice daih', and 
relates that the patients sat up and took lood with clieerfulnes- 
in the course oi two chiys. He also records that in the case oi a 
gentleman affected with scurvy of a very severe description, ' the 
eating of a single rhubarb tart produced a most decided amelior- 
ation, equally -ensiUe to the patient and his friends b 

Lind (lOS) recounts the tragic history of four ships which sailed 
from England to Bombay in April 1600, carrying 4S0 men on board, 
including merchants and other officials, in order to establish the 
East India Company. The Commodore upon his own ship had 
arranged for a regular issue of lemon juice, three tablespoonfuls daily, 
to all hands, and four months later, when the flotilla reached the 
Cape, his men were all in good health. On the other tlrree -hip^, 



however, iue scaiuon Avere so severely ettacked by scurvy that the 
passeiigeis had to Avork as common seamen. In all 105 men died 
from scurvy during ihe voyage, and AA'hen Bombay Avas finally 
reached the entiie AAork of unloading had to be performed by the 
creAv of the Commodorek ship. 

Bucid '110'; nelaies how the A’oyage of the Suitolk to Zdadras in 1794, 
Avhich occupied nearly six months, during AA-liich no land was touched, 
AA'as accompiislied A\'iih almost entire freedom from scinvy. A regular 
ration of | oz. lemon juice aa-us served out daily ircoibutic symptoms 
Avere notic-ed in a icav men, but these disappeared on increasing the 
lemon-juice ration. Perhaps the most impressh'e in-iance of all 
is to be found in the history of the Xuaw itself, teiAveen the latter 
part of the eighteenth centuiy, when thousands of ca-es of -curvy 
AA’ere reported annually, and the early yeats of the nineteenih 
centiiiy AA-hen. after the regular issue of lemon juice liaci been made 
compulsory in 1504, scuiwy became a comparaiiv«:ly rare drica-e 
in the XaAw. 

Li^ne juice. The results of experimental AA-oikin lublc VIII (p.44; 
:^hoAving the inferiority of the juice of West Indian limes [Citrus nu dica 
var. aci&i;, both in the fresh and preserwed state, compared AA-ith that 
of lemons 'Cii‘'us rudico. A^ar. le'rioua). are difficult to reconcile AA'itli 
the popular esteem in which the former is held at the pre-eni day 
as cl preventiA'e of sciUA'v. It isnot, hoAVcA'er. gi^nerally known iliat 
AA'hen ’ iirne juice ' earned its laurels in the field of medicine, the 
term Avas used to signify the juice of lemons from the kLediierranean. 
bitch AA'as the case until the midale of the nineteenth century, AAdicn 
OAving to favourable repr-rts upon the acidity of the product, m which 
quality the anti-scorbutic virtue Avas held to exist, the 'supply of 
West Indian lime juice Avas gradually substituted. By tin date ir>7() 
very little, if any, lemon juice aa'us issued ohlcially. 

This point has been iiiA'estigated quite recently from a hisioiical 
standpoint by Mrs. Henderson Smith {Hi;, and\hc results of her 
inquiry anord an important conniTnation of the txpeiimeiiial 
findings^ given above, p. 45. ::;he has been unaldc to" lind any 

recorded instances in which -ciiiA-y ha- been prcvoniod or cured 
by preseiwed lime juice, in absence of oihei aiiti--coibutic agont-. 
On the ^contrary, a Ccireful comparison of certain Arctic cxjjvditiun- 
in the fifrie=: of last century, equipped Avith lemon juice, with those 

later date proA'ided AA-ith preseiwed Kmc juice has demomirated 
the iriferioiity of the latter material. Thv most iinpi’t-s^ive ca-e 
quoted is ihat_of the Belief Expeditions sent in search of Sir John 
Frankhn, lb47-59, AA'here those ships which were supplied with 
lemon juice of good quality enjoyed remarkable imniunitv from 
scuiwy, for long periods of time. One instance, that of the hive&tigator 
under Captain McClure, AA-as specially noteworthy, for, in this case, 
there Avas no scuiwy for tAveniy-seA-en months after leaving England, 
notAA-ithstanding great priA'ations. The eA'ent Avas otherwise in the 
Alert and the Discorery. tAyo ships AA’hich left England in 1575 under 
Captain Xares, in an attempt to find the XoithT Pole. These -hips 
Avere equipped with all the improvements that the advance of 

1 hi ISlO -he navy ration wa? 1 oz. lemon juice dailv wiili 1^, oz. suear, ecrvf'd after 
r*-o weeks at- sea. v^udd, 110.) " . “ ' 



tvroniy yocir^ had discovered and plenTifuilly supplied with lime juice 
of the best quality. Xonvithstanding these advantages, serious 
scurvy broke out at the enci of the first winter spent in the Arctic 
regions. A commission of inquiry was held by the Admiralty on the 
return of these ships in 1S76, but no satisfactory cause was found 
to explain the unexpected disaster. lire commission took no notice 
of the fact that the ' lime juice ■' provided in 1375 was the juice 
of the West Indian limes, Vv'hereas in the fifties it had been the juice 
of Mediterranean lemons, but there is little doubt that in this difierence 
lies the explanation of the diner ent experience in the two cases. 

Following this period a general distrust of ' lime juice ' as a 'pre- 
ventive of scurvy may be traced in the writings of those who had 
given careful atiention ro the history of later Arctic discovery, 
and the theory alluded to above, p. th^tt scurvy is due to chronic 
ptomaine poisoning, by tainted and salted meat, fomrd ready 
acceptcmce. For examj)le, the experieirces of the Jackson-Harms- 
worth Expedition to Franz Josel Land in 1394-7 was accepted as 
being in accord with ihis theory Jackson and Harley, 112' on the 
basis of the following facts. 

The land sledging parry wa- for tlnve year- without any lime juice 
and without arry -curvy, but large quantities of iresh bear meat were 
consumed. The ship party, on the \Vvnd.ico,rd., took their daily 1 oz, 
lime juice with regularity, aird w'ero well supplied with tinned and 
salted meat, but after one winter the whole crew developed scurvy 
and there were three deaths. There is no record that the meat was 
tainted or putrid when con-urned, but ir was afterwards assumed 
that it must have been so. In earlier days ' lime juice * had for so 
long been regarded as the equivalent in diet of fresh vegetables and 
fruit, that the supporters of the ' tainted '* meat theory mamtained 
further that fresh vegetable- also were not concerned in the prevention 
or cure of scurvy, but that the disease was connected only with the 
quality of the inejit eaten (see also below, p. 687 

Vegetables. Among the vegetables investigated the cabbage was 
found to be pre-eminent, and oven after cooking the minimum 
preventive ration for guinea-pigs remained small in comparison 
with root dird other vegetables. The following incident, related to 
Holst and Frolich {118} by a political refugee from Eussia, bears 
testimony to the value of cabbage for the prevention of human 
scurvy, even wiien taken in the form of soup, after prolonged stewing. 
In a Eussian prison, in which the narrator had been confined with 
1,400 other prisoners, the diet con-isied of tea, coarse bread, and 
cabbage soup. The preparation of the soup was so unclean that 
twenty of the inmates, including himself, who w^ere of gentle birth 
and upbringing, could not endure to take it. After about six months 
these twenty prisoners showed symptoms of scurvy, while no case 
occurred among those who had consumed the soup regularly. 

Among herbs and * cresses ’ esteemed in the past for anti-seoibutic 
virtues it i- interesting to note that those belonging to the natural 
order Cvhdjerac occupied a high place. Ihis natural order includes 
also the cabbage and the swede, which Avere fomid to be the most 
valuable of the vegetables im'estigated experimentally. ‘ Scuiwy 
grass ' (Cochleana offiemaUs], a small plant frequently found growing 



near the sea shore, figures largely :n old records of scurvy cures 
arnorg mariners. Thus Ba.chstrom in 1734 tells the following story : 

' A sailor in the C-rreenland ships was so over-iun and disabled W’ith 
scurvy, that his companions put him into a boat, and sent him on 
shore, leaving him there to perish without the least expectation 
of recovery. The poor wretch had quite lost the use of his limbs : 
he could mly crawl about the ground. This he found covered 
with a ijlant which he, continually grazing like a beast of the field, 
plucked ii|) with his teeth. In a snort time he was by this means 
perfectly recovered, and, upon his returning home, it was round to 
be the "herb ” scurvy grass ''Eendeiing given by Lind, lOS, 
p. 395.) 

Potatoes. Ainoiig roots and tubers the i:»otaio easily rtikes the first 
place in piaerical importance, nor so much beea.use of its intrinsic 
value, but because owing to its abund^uice, cheapness, and general 
accejrt ability large quantities are regularly consumed. It was not 
found possible to test it experimentally in the raw condition, but 
even v’hen cooked, it was louncl to possess sigirineant protective 
powers for guinea-pigs. There is no doubt that in northern climates 
the potato is of the utmost vtilue in preventing scurvy during the 
w'inter and spring. Epidemics or scurvy have repeatedly followed 
failure of the poi^io liar vest, e. g. in Xorway in 1904, Ireland in 
1S47. The outbreaks ot scurvy leported in (irla^gow (114), blan- 
chester (115). raid Newcastle Harlan, llG; in the spring or 1917 are 
doubtless to be attiibuted to the greai scarciiy of potatoe- at that 
period. 

OrAor.s take a position between the more raid the le=s potent 
vegetables. They po-sess a special importance, hovrever, oAving to 
the ease with AA'hich they can be transported, and are much appr-.^emted 
whethirr raw or cooked by reason or their flaA’Our. For these reasons 
they should always be included in rationing soldiers, sailors, or other 
communities of peoiile at the end of Jong lines of communication 
cut oil from fresh supplies. 

Gerrninated jindses :Oid cereals. There is so far little direct evidence 
of the a-nti-scorbutic A'alue of germinated pulses in human diets. 
The custom of eating germinated cereals and pulses obtains in some 
parts of China bice) and in the AlrJay States and Dutch Indies, 
where germinated beans, ‘ tOAA-gay are a cornmon article of native 
diets : there is, hovrever, no eAidence that the anti-scorbutic value 
01 these foods has been recognized. 

One instance, hoAvever, in which germinated beans Aveie iound to 
be of great value for the cure of scurvy is that recently recorded by 
Wiltshire '117), AAhich yields complete confirmation of the experi- 
mental work described aboA'e. This obseiA^er succeeded in curing 
27 eases of mild scitiwy among berbian soldiers ';selected at random 
fiprn a total of 57} by the sole measure of including in their daily 
dietary 4 oz. {dry wt.) germinated haricot beans. The progress 
w'as, if anything, better than that made by the remaining 30 patients 
Avho receh’ed 4 oz. fresh lemon juice daily instead. The beans Avero 
consumed after boiling for ten minutes only. 

There is, IroAveA'er, indirect eAbdence to be gleaned in the high 
esteem AA'ith AA’hich certain fermented liquors made from germinated 
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seeds have been regarded for the piwerition ot ^carvy. Cdptahj 
Cook v\'as a great believer in the anti-scorbutic virtues oi a fresh 
infusion of malt 'sweet -vrort;. His second voyage, 1772-5, was 
accornjplished vdth an amazing record of good hecilth among hh 
crew, there being -only four deaths during the period, oi Vvihch one 
only vras irorn sickness. He took a large quantity of ' malt, of which 
was made sweet-wort : to such of the men as showed the least- symp- 
toms o: scurvy tiii- v/as given, from one to two or three pint- 
a day each man, or in sucri proportion as the surgeon found iieces-ary. 
This was, without doubt, one of the best anti-scorbutic sea medicines 
then discovered, when used in time' 'Captain Cook. IIS, p. 227'. 
According to Sir John Pringle, writing in 1776 (119 , quas, * a srnd.h 
brisk acidulous liquor made from ground malt and rye meal, was 
regularly served out in Piussian pri-oiis as an anti-scorbutic. 

Kafnr beer, ' leting ' or * joala i- another instanct . It is the product 
of rapid fermentation oi partly germinated millet and is consumed 
quickly after preparation. The Kafhrs are in the habit oi taking 
large quantities when living in their own kraals in South Africa, amd 
it is believed to be a valuable anti-scorbutic. It has been the cu-tom 
of the mining companies on the Eand to ciiiange for the brewing 
of this beer in the compound- of the native labourer-, and there largt' 
quantities are consumed. Outbreaks of scurvy have been reported 
by Dyke b--} among corn]Jan:e:^ of Kaffir hhuourers in ITanc.- , in 
cases where this 'joala' was repiaced by a second type of beer, 
''mahew k a fermented drink cd-o made from millet and maize, but 
in the preparation of which Kc qmi/: is vreviousin ijeynunated. 
Hodern beer appears, however, to be practically ircu from anti- 
scorbutic jmoperti' (Harden and Zilvci, 121). 

The use oi germinated puls-o;- as an article of ditt c-eitainly dt^rerve^ 
a prolonged trial in ciicumstmicirs where ii‘r>h food is scarce or 
uiiobtainable. Dry peas, beans or lentils contain les- than 1 5 per cent, 
of moisturO; art admirably adapted for trcin-port, and can be ger- 
minated on the ^pot if and when required. Pul-*-- of various sorts, 
as ' dhall ', form a staple article of the native Indic-ii diet, and had 
this knowLedge of their value after germination been i.p plied in 
klesopotarnia in 1915, it is possible that the i-eirible wastage from 
scurvy in tiiat campaign 122, p. 72' might have b)t‘eii prevented. 
During the siegu of Kui (December 1915 to April 1916) the British 
•soldiers were protected from scurvy by large daily ratioiis oi fresh 
meat or horse flesii, but ^emvy among the nati\ e soldier- presented 
a terrible complication. It is impossible to say Avhether the disaster 
oi the final surrencUr niighi not have been averted if the ' dhall ' 
ration for the Indian iroopt had been issued to liicin in the ger- 
rninat ed condition . 

Dried cenctahles, Drkd vegetable- have reptcUedly buun tried and 
found usele-- for preventing human scurvy, and in this respect the 
results of the experimental work find abundant conhrination in the 
records of failure which have been preserved. Owing to the con- 
venience with which they carr be transported, dried herbs and 
vegetable- La^ u been repeatedly adopted for the supply of armies 
and other large bodies of men soparaicci from suj)plics of fresh food : 
and with di-a-trous results. 
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As lon^ a^o as 1720, Kramer, cl'iei -urgeon wnli the Austrian 
a.rmv in Hungary, vras confronted vaili a seiious outor«jak of scurvy 
among the troous and in his peij)lexity he Avroie to^ \ lenna for help 
a_nd advice. The College of Physicians in that ciiy aiiangtrd for 
a. large and varied supply oi anti-scoiljutic herbs to be dispatched 
to his aid. The consignments arrived ana vere gi^'^n a prolonged 
Trial, but the result vras that tnousands perisneci irom scur\ y. 
Kramer epitomized the knowledge gained by his tragic experience 
in the oit-craoted paragraph in his Medicina Cashe^sts, lr20 : 

■ The scurvy is the most loathsome disease in itaiure : tor vuiicn 
no cure is to be found in your medicine chest, no, not in the be-l 
furnished apothecary's shop. Pharmacy give- no relief, 'Urgery as 
little. Bevrare of bleeding : shun rneretiiy a- a^ poison : yon m.iy 
rub the gums, you may grease the rigid tendons in uhe kiitr'e. toiinJe 
purposer But if you can get green vegetables ; h you can piypaie 
a sumcient- quantity oi fresh, noble anti-scorbutic juice-, li yon nave 
oranges, lemons, or citrons : or t-heir pulp and juice pre.-ervecl Avith 
AAdre}* ill cask, so that you can make a lemonade, or rather gute to 
the cnaantity of 8 or 4 oz. of their juice in vdiey, you will, wiihout 
other assistance, cnre this . dreadful eAul.' 'Iran^Li-ion gheen by 
Lind, 105}. ; 

Dried vegetables Avere repeatedly tiiecl in ili.- navy, vrirh Amilar 
results, anci by tli^ middle and end of the A^bt.:-enili century all 
persons vho vrere Avell informed upon ihis subject wre convinced 
of their uselessness fur the preA^ention oi scuiA'y. Ihc* following is 
a sample oi vrhat a^rpears constantly in ihe eoi re-pond ence of 
the Medical Board oi the Admiralty at this period : Digests of ' In ' 
Letter's, 4506.87. 1, August 22, 1778, Pief. M. Bepoit ironi Com- 
missioners for Sick and Hurt : 

' On a reference of a letter from Ear! Suffolk -ending a b)Ox con- 
taining specimens of a plant and herbs prexrared and dried for tbe 
purpose of curing the scuiwy at sea. Acqutdnt Lord Suffolk they 
cannot recommend its introduction.' 


And in 1757 Lind A^nites, in desciibing' methods -iiggested for 
preventing scuiw’^y at sea. 

' The latest proposal to the Lords of the Admiralty Avas a magazine 
oi dried si^inach prepared in the manner of hay. This AA'as to be 
moistened and boiled in their food. To AA'hich it Avas objected by 
a A’ery ingenious physician '^Dr. Cockburn), that no moisture wliateA“er 
could replace the natural juices of the jilant lost by eAvapoiation, 
and, as he imagined, altered by a fermentation AApiich they undeiAvent 
in drying.' {Lind, 105, p. 148.) 

Mlien scuiwy ceased to be a permanent menace this knoA\iedge 
was soon forgotten, and Kramer's expeiience A\’as repeated again 
in the American Ch-il War. In that campaign, large rations of dried 
A'egetables, including dried x>otatoes, Avere issued to the men, but 
proA'ed powerless to preA'ent scuiwy, of which there Avere many 
outbreaks 128). At the present day it again needs to emphasized 
that vegetables which have ieen dried have lost almost the ichole of 
their anti-scorhutic properties. During the period oi the present Avar 
the public haA'e frequently been energetically advised in the daily 
press to dry and preseiwe A'egetables for dispatch to prisoners of Avar 
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in Germany or to provide * iresli ' vegetable- ^or onr fleet when at 
sea (e. g. Daily Chronicle, October 19, 1917}. 

In case of dried jruirs a distinct, thongh ic-eble, rinti*scnrvy value 
was detected in the experimental tiirds. This result also coincides 
with human experience. The dried tamajind. hokum, and mango 
■}' arnchur mentioned in Table VIII were obtained direct from 
India, Avith the assistance of the authorities, and all possess a reputa- 
tion in that country as anti-scorbutic materials. T: is related that 
wdren scuiwy broke out among our troops in ISBS-I at hTassirabad 
in Eajputana, grea^t benefit rvas obtained by eating a>iola, the 
sirongiy acid dried fruits of FiivllaKteus tniljlica, Avliich is eommonly 
sold in the bazaars OlacXab, 124). This differ .nice betAveeii A'egeta- 
bles and acid fruits, in respect oJ; the degree to which anti-scurvy 
properties are pres.5iwed in the dry condition, may be due to the 
influence of an acid medium in checking the process of destruction 
AAdiich the anti-scorbutic factor slowly undergoes after the cells of 
ihe plant have been disorganized by drying. 

Meat. Many careful observers in the past have noted that the 
anti-scurwy A-alue of fresh meat, though -ignihcrait, was much 
inferior to that of vegetables or fruii. Curran 109) rneni-ioris three 
patients with seuiwy ai the Swift Hospital in Dublin in the .epidemic 
of 1547, aaTio had consumed 4 lb. riKeat on flv.e days in the A\'eek Avhile 
deA’eloping the disease. Sir Gilbert Bbyne relates an incident of 
the Fleet at Barbadoes in 17S1, Avheie a party of =?oldiers seivhng as 
marines Avere t-fthcted AA'ith seurA'y and Avere sent to an army hospital 
where no fresh animal food was alloAved. The-e men recoA’erad much 
quicker on the A’.egetable diet proohded rhan the seamen on the ship? 
wTjo were deprived of A"egetable-. b>ut w.-re fed on fresh meat. 

There is no doubt, hoAveA'er, that -cuiA'y can be p- evented hy tht* 
n-e of fre-h meat alon- if the ration is large. The history or Arctic 
experience is full of such eases. Dr. Eae, surgeon to the Hudson Bay 
Company, in his eAvdence to the Scurvy Commissioners of 1876, 
stated that among tha inhabitants of that district -euiwy Avas almost 
unknOAvn. The people subsisted almost entirely on meat, but the 
amount consumed Avas upon the lolloAAing scale, S lb. fresh A-enison 
daily per man, 4 lb. per AA-ornan, 2 lb. p.3r child. 

Nansen and Johansen, after leaving the Frarn, spent tavo months, 
including the AAvnter of 1595-6, on Frederick Jackson Island in 
a rudeh^ consrrircted hut. They remained in good health and free 
from scurvy although obtaining no lime juice and no ire-h A'egetables 
and subsisting mainly on fresh Avalrus and bear meat preserved 
by cold. 

Jackson and Harley 112) describe an interesting incident at 
Kharborova, Yugor Straits, A\*here six Birssian priests aiTved in the 
autumn, attended by a small Eussian boy. Ihe priests by their 
religious a'oavs Avere nrevented fmm eating the hcli meat available : 
they subsisted on salt fish and there were no A’-egetables. In the 
iolloAving May the little boy Avas found to be the only surviving 
member of the party, and had buried all his late masters in the snoAv. 
He suffered from no religious disability and had fed largely on 
reindeer meat through the winter. A further instance is proAuded 
in the experience of Scott’s first expedition (Voyage of the Discovery) 





v.iioiv an out break of -curvy Wc.s curoJ by tne inclusion in the cuetj.iu 
of his party of large quantities of fresh seal meat. The case of the 
Jackson-Harrns worth Expedition referred to above, in the disciissio.i 
of lime juice, is another instance of similar experience. The intej- 
pretation of these fact:? made by the leaders of the expedition-, 
was. however, to lead them to support the theory that scurvy w. - 
a disease due to chronic poisoning, by the promaine developing in 
tinned meat. 

From Colonel Hehir's report on the medical liistoiy of the '^iug..- 
of Kut -TOo^ it is clear that in thi- ca-e also British soldier- weri* 
protected from sctirvy by their reguh.r raiion of meat or iioi'sc flesh, 
but the amounts they consumed were con-iderable, S to *20 uz. 
daily. The Indian troops in Kut, on tlie oilier hand, who v/er.* 
vegetarian, suffered severely from scurvy. 

Tinned and preserved meats can be d:s 2 ms---i in a word, d- oii.-idng 
no possible protection from scurvy. ^Lnw in its fre-h eondiiion 
contains the anti-scurvy factor in comparatively low coiic.-ntrcition, 
and after exposure to the' Lemperature nece-sary lor -torilizaiioij 
it is impossible that any signihcanr anii--curvy propertiu'? '-hould 
be retained. 

The value of frozen meat ii probably intermediate beivv.-n lliai 
of fresi'i meat and tinned meat and, in any case, is likcdy to bo low. 
especially if it has been for a long period in ihe frozen condition. 
Wiltshire TIT , describing outbreaks of scurvy among Serbian 
soldiers, states that out of 182 ca.ses in 1917 all had received a ration 
of frozen meat practically eveiy day. 

IXFLITEXOE on MeTIIOD OF COOKIXO UPON THE AXXI--C()UBt T[C 

Valve of Cooked Food. 

Seeing that th-j aiii:---coibuiic accessory factor is semiliv-' to high 
temperatures, it is clear that the value of fresh vegetables and fruit 
must of necessity be greatly impaired by cooking. When there i- 
scarcity of fresh food, either by actual deiiciency or by ctilhculiy in 
transport or distribution, it is well to realize that raw fritii. and Mibid- 
have a vadue, weight for weight, far exceeding that of cuoked fruit 
or cooked vegetaWes, and that a smaller ration will suiScf to aJYord 
protection from scurvy. It is unfortunate that most ire.-h frniis 
and all salads are perishable articles of food and inconvLiiiont for 
castribiuion. They are not available at all periods of the yed.r nor 
lire they univei-ally acceprahle. The fact remains thiit ih-.* bulk of 
the population in this country takes its anti-scorbutic food in the 
cooked conedtion, and this being so, the melhod'^ adopted for cooking 
become of great importance. 

It is clear noiix the experimental results obtained by Dulf {125} 
■p. 46 above) that over the range of ternperatiuv employed in 
ordinary cooking processes, variation in the tempei'ciiure (-mjdt^yed 
has a comparatively small influence uiion the rate of de-iruction of 
the anti-scurvy vitamine. For example, if the temperature of 
cooking cabbage is lowered from 100' C. 'boiling-point) to SO" C. 
fslow simmering'' the rate of destruction of the anti-scorbutic factor 
IS decreased only about two fold : in other words the toss in aiiti- 
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scurvy value caused by boiling for hair .-.ii liour vrould be equalled 
by simmering for ^Jjout one hour at Stv C. Tnis time would, however, 
need to be greatly increased, with a consequent greater loss in anti- 
scurvy value, if the cabbage were to be rendered palatable. Cooking 
for a short period of time at the higher temperature is, therefore, much 
to be preferred to cooking for the much longer time necessary at 
the lower temperature. 

For the preparation of food in large quantities methods of slow 
c«3oking are the more convenient, and hence arises the great popularity 
of the stew in camps and other situations where the arrangements 
for cpoking are perforce of a temporary chaiacter. Methods^of slow 
cooking at tempvsratures below boiling-point are also economical of 
fueh^ and it is for this reason that the hay-box and othei forms of 
* self-cookers ' are so widely recommencled at the present time. 
W hen using thp-se types of cooker the practice is to raise the sauce- 
pan containing the vegetables, ic., to boiling-point upon an ordinary 
stove, and after a short period of boiling bo-lO ininutesj to place in 
the hay-box for two hours or longer. For one commercial hay-box 
it- is recommended that cabbage should be hft for 2 - 5 - hours after 
10 minutes' preliminary boiling, and it is claimed that the temperature 
inside the saucej^an will not fall below 97” C. If this perfection of 
non-conductivity be in reality attained, the net result as regards 
loss of anti-scorbutic value will not differ materially from the result 
of boiling for from 2-3 hours. The ordinary method of cooking 
cabbage by boiling for 20 minutes or half an hour is thus immensely 
superior in preserving the anti-scorbutic value. Some careful 
observations, upon an ordinary home-made hay-box 126), showed 
that cabbage wa- satisfactorily cooked with 5 minutes' boiling 
followed by 2 hours in the hay-box, during which time the tem- 
perature of the saucepan had, in fact, fallen to about 35" C. This 
operation may be assessed as equal to exposure to 100” C. for 5 
minutes followed by exposure to a mean temperature of about 90"^ C. 
for 2 hours, or upon the basis of DelTs experiments, to about 
hours at 100^ C., instead of the half-hour’s exposure which would 
be the result of a simple boiling. 

The conclusion to be drawn from these considerations is that all 
forms of slow cooking should be avoided, if possible, for those articles 
of food upon which dependence is placed for protection from scurvv. 
In case of fresh meat of inferior quality it is often necessary to 
resort to slow stewing in order to provide an appetizing meal, but 
in such cases, effort should always be made to cook the vegetables 
separately and for as short a time as possible. 

In this connexion it is instructive to place on record tw'o recent 
outbreaks of scurvy which have been attributed to neglect of this 
principle. Scurvy broke out in a camp in Scotland in the spring of 
1917 and S2 men were affected. At the time potatoes were scarce, 
but the ration contained a fair proportion of fresh moat and 2 oz. of 
swedes were available daily. These, as will be seen from Table VIII^ 
are among the most potent anti-scorbutic vegetables we possess, 
and, if cooked satisfactorily, should have afforded considerable 
protection. The cause of the outbreak was investigated by Prof. L. 
Hill, who discovered that the meat was always served as a stew, 
5503 F 
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the vegetr.bles ^ore adie:!, and the whole cooked for about 5 hours. 
This ch’curnstance was considered by Prof. Hill to be a sufficient 
explanation of the outbreak. 

A second example is afforded by an outbreak of scurvy which 
broke out in a Karir labour battalion in France between Hay and 
July. 1913 'Dyke. 1*20;,, and in which 142 case- of pronounced scurvy 
were diagnosed. In this case there was a ration of fresh vegetables 
equal to S oz. daily, these were cooked with the meat and boiled for 
a x^eriod of at least 3 hours. Li the opinion of the medical officer by 
whom the circumstances of the outbreak were thoroughly investi- 
gated this fact was an important contributory cause. 


Pep.iod of Developmext of Beei-beri and Scurvy. 

A diet deucient in both anti-scorbutic and anti-beri-beii accessory 
factors will occasion both diseases, but the likelihood is that symptoms 
of beri-beri will be the first to appear. In the ' ship berberi 
described by Holst 127}, the symptoms are reminiscent of both 
diseases, and it is probable that the cause is a deficiency in the diet 
of both factors. 

The period of development of beri-beri has been determined with 
some care by Fraser and Stanton 125^, who found the disease 
occurring among Japanese coolies after a period of eighty to ninety 
days upon a diet consisting mainly of polished rice. 

In cases of scurvy the period of development is loriger and probably 
not less than from four to eight months, as may be gathered from the 
following observations. Infantile scurvy is rarely seen in infants less 
than six months old, and according to Barlow 129} is most common 
about the eighth month of life. In the old days, when fresh food 
was scarce or absent during the winter, it was usually in the following 
spring, after several months of deprivation, that scurvy occurred. 
Colonel Hehir has stated that four months is the minimum time in 
which he has observed scurvy to develop among Indian troops on 
active service 122, p. Tib Holst and Frolich iliS} quote two cases 
in which the period of development was observed to be longer. 
One is the case of a fanatical vegetarian in Christiania who wislied 
to prove TO the world that existence could be maintained on bread 
and water alone. During the period of his self-imposed trial he was 
guilty of backsliding on two occasions onh', once for a pound of sugai* 
and once for a bottle of beer. The bread was presumably rye bread 
and afforded adequate protection from beii-beii, but ^ definite 
syniptorns of scurvy in the form of haemorrhages in the letrs were 
noticed after seven and a half months. This x^eriod of development 
is not very different from that in the narrative of the Russian refugee 
fsee above, p. 59) in the Russian convict prison, where scurvy was 
developed after six months upon a similar diet. 

There is a certain amount of evidence showing that these periods 
of development may be shortened in ease of men performing hard 
manual w’ork or exposed to damp or cold climatic conditions. In 
both cases metabolism would be stimulated, and it would be reasonable 
to suppose that any reserve of accessory factors would be the sooner 
exhausted (compare footnote, p. 56). The following are instances. 
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It \vas a matter of common observation that scurfy WvS specially 
prevalent among sailors exposed to cold, damp, or very rough weather. 
Lind (lOS'; places this circumstance before diet in his dissertation 
on the ‘Causes of the scurvy'. He gives instances of beleaguered 
cities vrhere the garrison on hard duty succumbed to the malady 
before the inhabitants. 

In the expedition of the Alert and the Discovery to seek the Xorth 
Pole in 1575 the men wintered on the ships within the Arctic circle. 
There was no definite scurvy diagnosed during this period, although 
the diet was defective from the point of view' of anti-scorbutic 
substances, notably by the substitution of lime juice lor lemon 
juice. In the spring of 1576 the sledging parties set out, and wuth 
the performance of hard manual labour scimy at once made its 
apjpearance, the first case occurring within ten days of departure. 
At first the officers escaped, but, as the men fell sick and the labour 
of dragging the sledges devolved more and more upon them, they 
also fell victims to the disease. In due course scurvy also broke out 
among the crews left behind upon the ships during the spring and 
summer of 1S76, but its onset wa- distinctly kter '^Srnith: 111). 

A second instructive example is found in the outbreak of scurvy 
in the Scottish camp referred to on p. 65. In this instance the first 
cases to develop and a large majority of those showing severe symp- 
toms were among a small section of the inmates who w^ere engaged 
in hard manual work for a few hours daily. 

One point of practical importance concerned with the slow develop- 
ment of these deficiency diseases is the certainty that long before 
the symptoms of the acute disease can be diagnosed there will be 
a general, ill-defined departure from good health which may defy 
diagnosis, but which will seriously lower the well-being and efficiency 
of the individual. 

These considerations are especially important in cases where 
isolated cases of pronounced deficiency disease are diagnosed among 
large communities of peoj)le as in institutions, camps, drc. So small 
an incidence of the disease may be regarded as unimportant, but 
in reality it is an indication that a widespread danger exists and 
that the health of a much larger number of persons is being affected 
by the same cause, although, owing to greater natural resistance or 
other causes, severe symptoms may not for the rnoinent have 
supervened. 
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CHAPTER V 


APPLICATION OF EXPEPJMENTAL AVOEK TO PEACTIOAL 
PEOBLEilS OF HUMAN DIETS {continued). 

ACCESSORY FACTORS IN THE NUTRITION OF INFANTS ‘ 

Physiological evolution has elaborated in the milk of the mother 
a perfect food for the nutrition of the young during the period of 
infancy. The fundamental importance of the survival of the species 
has called into existence a wonderful provision for the maintenance 
of the composition of this foodstuff. Over and over again has it 
been proved (see Lusk. 131) that the mother will sacrifice her own 
tissues to provide the necessary components of her milk, should 
dietary restrictions call for such sacrifice. The normal milk of one 
species is naturally to be regarded as a perfect food for the nutrition 
and growth of the young of that species, and a certain relationship 
has been traced between the composition of the milk as determined 
by gross chemical analysis and the normal rate of development. 
This is only what is to be expected, for the requirements of a young 
animal for the tissue-building elements will be directly proportional 
to the growth impulse of the species to which it belongs. 

But, as the recent work which we have surveyed has shown, no 
amount of protein and mineral matter will in themselves enable 
growth to take place. Nor will development be any more possible 
when these tissue-forming units are supplemented with an adequate 
supply of the energy-yielding foodstuffs. Ajiimals camiot grow 
xciiliGut the accessory factors. 

Not only has that fact been established, but it is probably true 
that the rate of growth is closely related to the amount of these^ 
factors supplied, provided that the diet is adequate as regards its 
other constituents. 

It must be remembered that, as in the case of other food com- 
ponents such as protein, an adequate supply of the accessory factors 
can only assist in giving the growth impulse full play. If larger 
amounts of these substances are administered than are necessary 
for normal growth, we do not get any supernormal development, for 
the upper limits of this are predetermined by the inborn capacity 
for grow’th. 

"What happens to the excess over and above that required for the 
normal development in such cases is not clear, but in the case of 
the fat-soluble A factor there are indications that like fat itself it 
is stored. 

Since we have seen that these indispensable dietary factors appear 
to play a quantitative role in the processes of tissue formation, we 

^ See J. C, Drummond (130}. 
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miisr admit the probabilitj that the miih secreted by species ^vith 
different growiff impulses yrill shoYr similar differences Avith regard 
to their content of these substances. Experimental evidence in 
support of the existence of such differences is as yet meagre, but 
it has recently been shovTi that cow's milk may be an inadequate 
source of the water-soluble B accessory for the growing rat (132), 
and of the anti-scorbutic for the growing guinea-pig (133). 

The importance of differences of this type will be at once apparent 
when the problem of the artificial feeding of infants is considered. 

Breast feedirig. The fundamental importance of breast feeding 
camiot be over-emphasized, for it is now recognized as impossible 
TO elaborate a perfect substitute for mother's milk, iluch has been 
written to account for the superiority as food for the young of the 
milk secreted by the female of the same species. Such superiority 
carmot be ascribed to any one constituent. Xo small part of it is 
due to the fact that the mother supplies her young with a food 
which is both quaht-atively and quantitatively adequate as regards 
protein, fat, carbohydrate, and inorganic salts. But no milk 
adequate only in these respects would 1je of any value for growth, 
and we must therefore ascribe the advantage of mother's milk for 
the nutrition of infants in part also to the presence of an appropriate 
supply of the accessory food substances unvreakened by heat or 
dilution. 

But it is most important to remember that it has been proved ex- 
perimentallj' that the mother is entirely dependent upon her otvn food 
supply to provide her young with these substances, and should her 
diet be deficient in this respect they vrill suffer, sooner or later, in 
spite of any sacrifice she mav make (134). We see therefore that 
the diet of pregnant or nursing women should be one rich in the 
accessorv factors, so that they may be able to supply their offspring 
with a milk of high value in this respect. " ° 

Eeference to the table of foodstuffs (p. 50} will indicate those 
which should be liberally supplied to expectant or lactatin^ 
mothers. 

In this country there is little fear of mother's milk being totallv 
deficient in one or more accessory factors, but such cases" are not 
unlmown elsewhere : for example, it has been proved that infantile 
ben-beri, a disease frequently encountered amongst rice-eating 
populations such as the Philippinos, results from a deficiencv of the 
water-soluble substance or anti-beri-beri factor in the mother's milk. 
Whfist, tnen, there is little chance of an insiifucient supplv of the 
anti-neuritic or anti-scorbutic principles to breast-fed children in 
T\6stern Europe and America, there may be a very real danger of 
such children receiving an insufficient supply of" the fat-soluble 
accessory.^ This will be the case where the mothers normally exist 
upon a dietarv containing an inadequate amount of that "factor, 
a condition which is probably far from infrequent among the poorer 
classes : for it must he borne in mind that the chief sources of the 
fat-soluble accessory ^^iik, butter, and eggs — are comparatively 
expensive foodstuff's, btudies of the dietaries consumed bv the 
poorer classes have frequently been made : but although they have 
given results of value regarding the consumption of '"protein, fat, 
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and carboiiTdrate, they are of little use in determining T\-hetlier the 
intake of accessory factors has been adequate. 

In a recent study (135) it is stated that the fat content of the 
diets of the rural classes in this country is distinctly below that of 
the working classes in the cities. But it must be recognized that 
the fat consumed in rural districts is largeh' derived horn dairy 
products, whereas the ever-increasing production of the cheap rnar- 
garines lacking in the fat-soluble accessory may eventually tend 
to cause butter to disappear from the tables of the vrorking people 
in the towns and cities. We cannot afford to neglect the fact that 
such a process may in time contribute towards lowering very con- 
siderably the nutiitive value of the dietaries consumed by the poorer 
classes, in that there will be a tendency for an increased consump- 
tion of those cheaper foodstuffs which are in many cases seriously 
deficient in the fat-soluble factor. 

Halliburton and Drummond (136) have experimentally shown 
that the cheaper forms of butter substitutes, i. e. the margarines 
prepared on a basis of vegetable oil or hydrogenated fats, are 
practically devoid of the fat-soluble accessory substance, and that 
only those margarines prepared exclusively from a fat such as beef- 
fat have eaiy claim to possess a nutritive vedue approximating to 
that of dairy butter. Such facts as these cannot he disregarded in 
estimating the nutritive value of a dietary. 

From a consideration of a number of the dietaries consumed by 
the poorer classes in the towns of this country., one is led to suggest 
that no inconsiderable proportion of the population is existing on 
a food supply more or less deficient in the fat-soluble factor. If 
this is 50, it must follow that thousands of infants Avhich are being 
nursed by the women of this population are indirectly being deprived 
of an adequate supply of that substance during the period of their 
life when it is vitally important that they should suEer from no 
dietary deficiency. 

Artificial jeeciinu of infants. A great deal of attention is being 
devoted at the present time to determining the most satisfactory 
method of rearing babies upon other foods than their mother's milk. 
Unfortunately this alternative to the nraural method appears to be 
necessary in many cases, and it is therefore a problem of vital im- 
portance to ascertain the value of the many artificial substitutes 
for human milk. 

In the past the aim has been to prepare food mixtures approximat- 
ing in gross chemical composition to human milk in terms of protein, 
fat, carbohydrate, and inorganic salts. It is of the utmost impor- 
tance that any modification made in milk intended for the feeding 
of infants should conform to the condition that an adequate supply 
of the three accessories should also be provided. Each of these 
requires consideration. 

The Fax-soluble axd Water-soluble (Axti-xeuritic) Factors. 

Coir’s milh and. modified milk. Some infants may be reared with 
success from a very early age upon unmodified cow’s milk. The 
practical results which have been obtained by this method indicate 



that ordinary uritreated cot\''s milk is an adequate source of all three 
factors — ^fat-soluble A. vrater-soluble B. and anti-scorbutic — for the 
growth and nutrition of the huma.n infant. This is in some respects 
what might be expected from the fact that the rate of growth of 
the calf is much greater than that of the human infant. 

Other infants, however, are unable to take covr s milk until it 
has been modihed so as to bring its composition nearer to that of 
human milk, rortunately, the majority of formulae given for the 
preparation of what are erroneously termed ‘ humanized ' milks 
recommend the use of milk products in the process of modification. 
This must nov' be regarded as a most important ' matter when 
considered in the light of our knowledge of the accessory substances, 
and it should be recommended that no product other than those 
derived from milk should be employed in the preparation of 
a modified milk used for infant feeding. Vegetable oils cannot 
replace cream, and sugar solutions cannot replace whey. 

In some instances far :oo little regard has hitherto been paid^ to 
the character of the substances added to the milk in preparing 
infants' food. Tims, for example, a deficiency of fat has often 
been * corrected ' by the addition of various preparations contain- 
ing olive oil, linseed oil, and cotton-seed oil. One such preparation 
which has been extensively utilized in this country is popularly 
knov/n as ^Marylebone cream. This product is essentially an emul- 
sion of linseed or olive oil. The following composition has been 
given - IB?} : 


Linseed oil . , . . 

Powdered gum acacia 
Essential oil of almonds . 

Elixir of saccharine 1 in 20) . 

Watei to make 1 drachm. 


i drachm. 
5 arains 
jSm. 

^ mn. 


This preparation is in many cases added to a dried separated 
milk, and Pritchard has stated IBS' that the nutritive qualities of 
the linseed oil appear to be not inferior to those of cream. This is not 
in agreement with the carefully controlled experiments of McCollum 
in America IBO), and already "there appears to be soma doubt in the 
minds of many pediatricians as to whether such emulsions are really 
efficient as substitutes for milk-iat. A modification of Marylebone 
cream is now prepared in which suet takes the place of linseed oil. 

Ajjart. from any question as to whether foreign fats of the type 
represented by linseed oil can rej)lace the specific fat elaborated by 
the mammary gland, there cannot be the slightest justification for 
imperilling the health of a child during the most critical years of 
its life by denying it an adequate supply of the indispensable fat- 
soluble accessory substance. 

Dried '-ynlhs. We have already seen that fresh cow's milk appears 
to be adequate as a source of the accessory substances necessary for 
the growth of the infant, and the large number of young children which 
have been satisfactorily reared upon dried milk would indicate that 
the processes employed in desiccation have had no destructive effect 
upon the fat-soluble and water-soluble factors, although, as will be 
seen later, the anti-scorbutic principle suffers during the preparation. 
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The majority of dried milks ^,re prepared by one or other of ivro 
processes, -^'hich may be termed respectively the ‘ drum ’ and the 
' spraying ’ processes (187). 

The ‘ drum ’ process involves an exposure of the milk upon 
a revolving drum heated internally by steam at 140" C. The 
exposure is. hovrever, a very short one, and is probably insufficient 
to cause any appreciable destruction of either of the two factors 
under consideration. 

In the ‘ spraying * process the milk is sprayed into a chamber 
through which a current of dry air at a temperature of 115" C. is 
passing. The dried powder falls to the bottom of this chamber and 
is, therefore, exposed to a temperature above 100" C, until it is removed 



Pig. 15. These curves illustrate- the ineffxiency ci vegetable oils such as linseed and 
olive oil to replace the fat of milk for promoting growth. Curve 1 represents the 
growth of a young ra.t fed upon a food paste composed of whole cream, dried milk, and 
starch. The growth curve is not c^uite up to the normal standrxd. but it is evident 
that there is no serious dedciency of either factor "A* or ’B'. The curves marked 

( ) show the failure of young rats to grow on a similar paste compesed of dried 

skimmed niiik p ou der and starch. Tins failure is due to the absence of an adequate 
amount of the fat-soluble accessory substance, and is not made good by the addition 
of linseed oil I'curve ‘2 . . .} or olive oil (curve 3 . . . to the ration in an amount 
equivalent to the deficiency of milk fat. Addition of butter fat, however, at once 
rendei*s growth possible again (curves 2 and 3 ). 


for packing. It is probable that a certain amount of destruction 
of both factors might occur if the dried powder remained in the 
chamber longer than an hour. 

It will be at once apparent that dried half-cream and separated 
milks will be deficient in the fat-soluble accessory. The curves given 
in Fig. 15 illustrate the failure of olive oil and lard to repair the 
deficiency of dried skimmed milk in the nutrition and growth of 
young rats. 

■ Synthetic ' dried milk. Courts (137} has reported that a product 
prepared entirely from vegetable materials has been placed on the 
market as a substitute for dried milk. It is described as ' full cream 
synthetic milk and he has pointed out thb undesirability of the 
use of the terms ' cream ' and ' milk It appears probable from 
what is known of the comijosition of this product that it would be 
entirely inadequate as a substitute for dried cow*s milk for many 
reasons, particularly for lack ot the fat-soluble vitamine. 

Condensed milks. The usual process employed for the preparation 
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of the various types of sweetened condensed milks involves a pre- 
liminary * pasteurization ' at S0-9Cv C. followed by concentration 
at 50'' C. under reduced pressure for two or three hours. It is 
doub liul whether such treatment would arfect any serious destruction 
of the water'Solurle accessory or the iat-soliible factor. 

Condensed milks are classihed according to whether they are 
fuU-cmam milus or machine-skimmed milks. The former are often, 
and the latter aliiiost invariabiv, sweetened bv the addition of sucrose 


,cane sugar}. 

form of machine-skimmed milk, whether condensed or not, 
is unsuitable for the nutrition of the child, owing to the fact that 
its low content of fat, particularly after dilution, involves a corre- 
spondmgly love content of the indispensable fat-soluble accessory. 

The serious objections to the use of this type of foodstuft for 
infants have repeat ecily been ernj)ha sized 140 . With many types 
of condensed milks the dilutions necessary to reduce the sweetening 
effect 01 the added sucrose cane sugar' are so great as to result in 
the production oi a lODclstuh very defieient in fat, and therefore 
seriously dehcient in the accompanying accessory component. 

.Propriezcrry :rja^ts' jooop. Apart from the foods prepared from 
cow s milk tne proprietary infants' foods may be classified as follows : 


C iass tpcatiofi of Proprietary Irfards' Foods 141}. 

[A F'^c>ds with a basis of uried cow's milk but mixed with dour.^ 

(ii} Foods consisting mainly of fiours, the starch of which is 
pi’^ctically unaltered, or altered only by heating. 

f^iii) Foods consisting mainly of "dours mixed with a proportion 
of malt dour or malt extract, ljut containing much unaltered starch 
which is not converted into soluble products during the process of 
preparing the food for infants in accordance with the directions 
given on the package. 

Tv) Foods containing dours, but also contaimns active diastase 
or pancreatic ^ferment, so that if the food is ca'refully prepared 
according to the directions on the package the starch is appreciablv 
altered. 

;y)^ Foods mairutaetured from dours, the starch of which has been 
mainly or partially converted into soluble products durincr the course 
of manufacture. 

^ As has already been pointed out by many authorities, the majority 
or proprietary infants' floods are seriously deficient in fat when 
prepared for use according to the directions given, and although 
we aiy not jiirectly concerned here with the question of the infiuence 
of a fat-deficient or carbohydrate-rich diet upon infant nutrition, we 
cannot neglect cert am aspects of that subject. 

Many authorities h^'e emphasized the dangers of a deficienev of 
fat in infant feeding, and many failures in nutrition have been 
a^ciibed to that cause. Hutchinson has stated that an abundance 

^ include not onlv the tiue cereals but oilier ^ 

starch-containing vegetable substances, e.g. nour from' leguminous seeds, arro^vroot. 



of fat should be the main characteristic of the diet in infancy, 
although care must be taken not to give it in an excess vrhich would 
produce intestinal disturbance 142‘ . 

Xumerous observers have reported a t^-pe oi malnutiition in 
infants fed upon food mixtures poor in fat '143, 144}. Such infants 
are frequently plump and well supplied with body-fat, and at first 
give the impression that they are well nourished, but they are 
usually found to be flabby, have a lowered resistance to disease, 
and are particularly prone to rickets. The cpaestion therefore arises 
as to whether the undoubted ill efieets of a diet deficient in fat are 
actually a result of an insumcient supply of fat, or whether they 
may not be also :iue to a deficiency of the indispensable accessory 
substance associated with fat. 

The majority of patent foods are seriously deficient in the fat- 
soluble factor, and it is probable that a number of them are also 
inadequate with respect to the water-soluble factor : all are certainly 
deficient in the anti-scorbutic factor. Addition of milk to such foods 
will, of course, increase the amount of these factors present, hut the 
resulting preparation will be inferior to milk in that respect. This 
fact constitutes the most powerful argument against the extensive 
use of these foods in infant, feeding. 

The symptoms of malnutrition that are observed in children as 
the result of prolonged feeding upon infant foods deficient in fat 
are curiously similar in many respects to those which may be observed 
in young animals deprived of an adec^uate supply of the fat-soluble 
accessory substance. Such cases show an unusually low resistance 
to bacterial invasion, although they may at the time possess a satis- 
factory body weight and appear plump and well. Cases have been 
observed in which the young born and nursed by female rats 
receiving a diet containing an madequate amount of the fat-soluble 
factor have shown a normal rate of growth and, in many cases, may 
exhibit no obvi-aus signs of malnutrition. But such offspring show, 
in the majority of cases, an imusually low resistance to infectious 
diseases, which only improves when they are given a richer supply 
of the accessory factor.* 

If this hypothesis regarding the cause of nutritive failure upon 
foods deficient in fat is correct, the adjustment oi the fat content 
to normal limits by the addition of an oil or fat not containing the 
accessory factor, such, for example, as the vegetable oils, should 
effect little if any improvement in the health of the child, whilst 
the addition of an adequate fat such as cream, butter, or cod-liver 
oil should be followed by a rapid recovery. 

XerojjhfJicdmia in young chUdrer., It has already been described 
how young rats receiving an inadequate supply of the fat-soluble 
accessory substance not only show failure to grow but in most cases 
contract a characteristic disease of the external eye. This condition 
in rats fed upon inadequate dietaries was examined carefully by 
Knapp {145). who appeared to appreciate the relationship it bore to 
certain forms of conjunctivitis in children usually ascribed to faulty 
nutrition. He was, of course, unaware of the existence of the then 
undiscovered fat-soluble factor, hut a study oi the rations he employed 
shows that they were deficient in that respect. 
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Alor: 146} has described c. form of external eye disease prevalent in 
Japan, the symptoms oi which bear close resemblance to those shown 
hy the ra^ts deprived of the fat-soluble factor. His work was also 
carried on prior to the discovery of this dietary component, but it is 
interestir-g to note that he approached very near the correct explana- 
tion when he attributed the condition to a deficiency oi fat. He 
states that chicken livers, eel fat, cod-liver oil, and other fish oils are 
useiul prophylactics, and reference to the list of foodstuffs 'p. 22) 
will show that these are all ox the type which are comparatively 
rich in the lat-soltible accessory. 

More recently Bloch 147; and also Jlonrad llS} have described 
a form of external eye disease in young children in Denmark which 
they associate v/ith a deficiency of lat. 

Bloch gives a detailed accor.nt oi forty-nine cases of this disease in 
babies treated at the Eijkshospital, Copenhagen, in 10] 2-1 G. All 
the patients had been ajxificialiy nourished, and the most severe cind 
characteristic case? occurred in childrsn about twelve months old, 
vriio had been fed on separated milk. The eye disease showed every 
stage of seTerity from xerosis of the conjunctive in tdae slighter cases 
to hardening of the cornea, leading to ulceration, necrosis, and 
ultimate blindness in the more severe ones. Treatment of the eye 
condition in the ophnhalmie department of the hosjjital gave little 
relief and no permanent impiovement. On further study the children 
proved to be weak, anaemic, ill develoT)ed, apathetic, and with poor 
appetite. In some cases, especially oi the younger children, the 
condition was associated with a condition of generaratrophy. In the 
older children the general condition was not usually so severe^ although 
the eye condition was frequently worse: theie were often distinct 
swelling and oedema oi the subcutaneous tissues, but no tenderness. 

A careful scrutiny of the previous diets of the patients led Bloch 
to the conclusion that their general ill-health and the diseased 
condition oi their eyes might be associated with a lack of fat in their 
food. Accorclingly, while in hospital, they were given whole milk, 
cow's or human, and in addition as much eod-liver oil as could be 
tolerated. Under these circumstances a rapid recovery took place, 
both oi the general vreakness and of the specific eye disease. In 
absence of the cod-liver oil recovery was much delayed, "and although it 
ultimately took place it was frequently too slow to save the sight. 

In a later paper (149 Bloch describes a particularly interesting 
outbreah of eignt cases oi xerophthalmia taking place in a philan- 
thropic ipritution for children in Copexihagen iii the spring of 1917. 
The institution, which contained eighty-six inmates, was primarilv 
int ended for healthy children up to two years, but a number of ailino^ 
children were also included ; these were housed in a separate building 
with the mfants and m this department ''section A) full milk was 
supplied ; the children all did well and no case of xerojihthalmia 
occurred. The seconc department of the institution 'section B) 
contained the thirty-two older children, who were again divided 
into two subsections, B 1 and B 2, under difierent matrons. The 
eight cases of xeroiolithalmia all occurred in one subsection (B 1). 

The diet, vrhich was considered liberal and satisfactory, was the 
same throughout section B, with the exception that at breakfast 



the children in B 1 had rusks and gruel and those in B 2 a beer and 
bread porridge with full milk. The midday meevl consisted oi soups 
or gruels made with milk, butter-rnilk. fruit syrups, barley, ike., occ., 
boiled fish, minced meat, mashed potatoes. The othei’ meals conshted 
of cocoa, milk food, and various kinds of bread and margarine. Tho 
margarine was prepared from vegetable fats and the milk was ^di 
half-skimmed. Xo butter, eggs, or cream were used in this section of 
the home, and the only full milk was that taken with the breakfast 
porridge in the one subsection, B 2. This small amount, however, 
seems to explain the fact that all the eight cases of xeroifitthalmia 
occurred in subsection B 1. 

These eight cases of xerosis ot the conjunctiva were at first con- 
sidered to be slight conjunctivitis, and local treatment with zinc 
salts was tried but wdtli little result. Tt was then noticed thru, 
w'hereas the growth and development of the children in section A 
had been satisfactory during the winter and spring, it had been 
subnormal in many instances in section B, in -o far as many children 
had remained stationary or had lost weight during the recent months. 
This was true of the eight children who had developed xerophthalmia. 

With the exception of two cases the eye condition was not sever-. 
There is no mention oi oedema, and the children, who otherwise 
appeared to be fairly well, though weak and without appetite, were 
allowed to be up and about. Xo change was made in the diet, except 
that 10 grm. cod-liver oil were given twice daily. In the course of 
a few days the xerophthalmia improved, and within eight days was 
cured. At the same time the children gained weight, and improved 
in general health. Xo other cases of xerophthalmia developed. The 
skimmed milk in the diet was afterwards partly replaced by full milk. 

The author considers this disease to be one due to lack of the 
specific fat-soluble growth factor, and not to the lack oi fat as such, 
which in the above instrince had been supplied as margarine. The diet 
was, however, greatly deficient in the fat-soluble factor, owing to 
the use of skimmed milk, and cures resulted rapidly when cod-liver 
oil was administered. 

In many oi the other cases of xeroxjhthalmia described by Bloch, 
and showing marked oedema, the children had been nourished on 
diets consisting too largely oi carbohydrates exd had been deprived 
of all fats. The author, therefore, makes the suggestion that lack 
of fat may itself be the cause of this and other oedemata arising from 
malnutrition. 

Bloch considers this eye disease to be identical with that of 
Japanese children, called ‘ Hikan described by Mori (146), and 
successfully treated by the administration of fish- and other livers. 
The severer manifestations leading to blindness he considers due to 
superimposed infections. Throughout the work he calls attention 
to the frequency with which other diseases, such as diarrhoea, 
bronchitis, pneumonia, pyuria, discharges from ears and nose, and 
catarrhs of all sorts were found associated in these patients with 
xerophthalmia, showing a lowered resistance to infection resulting 
from their malnutrition. At the same time, it should be noted, 
especially in the light of the results discussed in a subsequent section 
of this report, that Bloch makes no mention oi any signs of rickets 
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in most of the eases described/ The children in many cases were not 
older than about twelve months, and it is possible that rickets may 
be a manifestation of a similar dietetic deficiency, less severe and 
extending over a longer period. 

Axxi-scoebuxic Value of !Milk axd its Eeferexce to 
I xPAXT Peedixo. 

Experimental work has shown {Frdlich. 150 : Chick, Hume, and 
Skelton, 133‘» that if scurvy is to be prevented by the agency of milk 
alone, a quantity must be consumed which practically amounts to 
a complete milk diet. This result is in accord with the physiological 
role played in nature by mammalian milk, as a food specially adapted 
for the complete nourishment of the young during the early period 
of life. 

Upon this basis fresh cow's milk must be classed among the less 
valuable foodstuffs in respect of anti-scorbutic qualities, and there is 
considerable evidence confirming this view. For example. Curran 
.151} mentions eighty cases among inmates of the Dublin unions 
in the Irish epidemic of 1S47, who had consumed at least one pint 
01 fresh milk a day for at least six months prior to the outbreak, 
aithougli the diet had been deficient in fresh meat and vegetables. 

There is a considerable amount of evidence that the diet of the 
mother has effect upon the vitamine content of her milk. It is possible 
therefore that human milk may be poorer in anti-scorbutic properties 
than cow's milk, although it must be admitted that there is no direct 
evidence upon the point. The breast-fed infant has the advantage, 
however, that its nourishment is taken in the raw condition. It is 
probable that infants brought up on cow's milk do not receive 
any great excess of anti-scnrvy vitarnine, and that this is further 
diminished when the milk is fed to the child after boiling or in the 
dried condition, iledical authorities are much divided upon this 
point, many maintaining that an infant will thrive upon boiled milk 
or dried milk, without the addition of any supplementary anti- 
scorbutic substance, others that such is desirable and even essential. 
For example, Barlow (152), in his ‘ Bradshaw lecture on Infantile 
scurvy 139-1, states his opinion that ' the boiling of cow's milk 
e.nd prolonged sterilization -(especially at high temperatures) lessens 
in some degree its anti-scorbutic quality k Xeumann (153) attributed 
the many cases of infantile scurvy, encountered in his private practice 
in 1901-2, to the practice of pasteurizing milk for infant feeding, 
recently introduced as a safeguard against transmission of bacterial 
infections. He found, on inquiry, that most of these infants had 
been receiving milk from one dairy in which it was the custom to 
‘ pasteurize ’ the milk at 90-95“ C. before delivery, and that in their 
homes, the^milk, as an extra precaution, had been heated a second 
t^rne in a Soxhlet or other apparatus at or near 100“ C. for ten to 
fitteen minutes. Heubner (154) has published similar expeiTences 
and, in common with Xeumann, has expressed the opinion that the 
marked increase of infantile scurtw which he noticed in Berlin about 
tne^ same period must be attributed to the fashion of pasteurizing 
mil A before feeding to infants, a custom which had been recently 
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introduced and enrhusia'ticallv adopted even to the extent of 
repeating the operation more than once. 

The best studied instance to be found in the literature is probably 
that recently recorded by Hess and Fish 'looh These investigators 
have described an outbreak of very mild and sub-acute infantile 
scurvy in the Hebrew Infant Asylum, New A^ork, among infants 
who had been fed for several months upon a diet of cow’s milk 
previously heated to 63^ C. ''145" F.) for thirty minutes. It had 
always been the custom in this Institution to give orange juice as an 
extra anti-scorbutic to the babies fed upon pasteurized cow’s milk, 
but it had been discontinued as a result of the pronouncement of 
the American Medical Milk Commission fl912) that for purposes of 
infant feeding heated milk might be considered the equivalent of 
raw milk. The result was that an outbreak of mild scurvy occurred 
two to four months later. The babies were not very ill,, they were 
fretful, anaemic, had no appetite, and ceased to gain weight or grow. 
They were all over six months old, and it would have been reasonable 
to attribute the condition to teething troubles. The scorbutic nature 
of the illness tvas proved, however, by the ease and ivipidity with 
Vv'hich the symptoms cleared up when orange juice or other anti- 
scorbutic was restored to the diet, or when raw milk was substituted 
for the pasteurized milk. These conclusions of Hes- and Fish have 
received confirmation in very similar observations made by Miller 
(156). 

The whole question whether the. nutritive value of boiled, is 
equal or inferior to that of raw, cow's milk is discus-ed fully by 
Lane Claypon ''loT}, in whose book reference is made to many 
authorities who consider that there is no proof of any inferiority in 
case of heated or pasteurized milk. 

It is not always stated, however, whether an extra anti-scorbutic 
was or was not employ- :1 with the diet of heated milk. Apart from 
this point it is probable that the difference of oxDinion existing on 
the whole question may be partly accounted for by differences in 
the length of time during which the milk was heated and the tem- 
peratures to which it was raised, and also by differences in sus- 
ceptibility of diffeient infants and in the periods for which they 
were maintained upon that diet without change. 

As regards dried milk there is an exactly analogous difference of 
opinion among medical authorities. Pritchard believes That 

when dried milk or other preserved foods are employed it is well 
to give some fresh fruit juice or other anti-scorbutic ’. Xaish, on 
the other hand 159), considers that ‘ the risk of scurvy upon such 
a diet is non-existent and adds that he is not in the ' habit of 
ordering any orange juice or any other anti-scorbutic ’. His view 
is shared by Dr, Helen Campbell among others (see Coutts, 160, p. 90). 

In the present state of our knowledge upon these points it is our 
duty to give our infants the best possible chance, and the wise course 
is to omit no precaution that may ultimately prove to have been 
necessary. An additional anti-scorbutic should therefore he given 
to infants who are reared on any artificial food, other than raw cow’s 
milk. Even in this case, and that of th-=- breast-fed infants, such 
a course might also prove beneficial. 
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As regards the most suitable anti-scorbutic material to be adopted, 
orange juice is easily the best from many points of view; it is a very 
potent anti-scorbutiC; is convenient, needs no preparation, and is 
acceptable to the vast majority of infants. Under peace conditions 
oranges are cheap and plentiful, but during the war their scarcity 
and high price placed them out of reach of many poor mothers. 
The juice of raw swedes seems to be the best substitute for orange 
juice at the moment : the a.nti-5curvy value of these vegetables 
was found by Chick and Ehodes '161) to be A'ery great and far in 
excess of the other root vegetables examined. Swedes have also 
the merit of being abundant and cheap. The preparation of the 
juice is exceedingly simple. The clean cut surface of the raw swede 
is grated on an ordinary kitchen grater and the pulp folded in a small 
piece of muslin and squeezed with the fingers, when the juice readily 
runs out. Its slight sweetish taste is not disliked by infants and it 
is already recommended in some infant welfare centres. Canned 
tomatoes have been found satisfactory by Hess and Unger (155 a). 
IMiere the presence of starch is not a drawback, cooked potato is also 
recommended by some workers ('Barlow, 152: Hess and Fish, 155;. 
The cooked potato is shaken up in water and the resulting fluid 
used as a diluent of cow’s milk in the same manner as barley water. 

For curative purposes potato cream, orange juice, or grape juice 
is usually employed. It has recently been shown, however 'Harden, 
Zilva, and Still, 162;, that lemon juice, from which the free citric acid 
has been removed by treatment with calcium carbonate and alcohol, 
is a valuable remedy inasmuch as, owing to the absence of acid^ 
a very large amount can be administered without causing digestive 
disturbance. 

A very serious effect of the anti-scorbutic deficiency in the guinea- 
pig is the degenerative change which occurs at an earlv stage in the 
odontoblastic cells of the teeth {Zilva and AVells, 162 a). It has 
not yet been ascertained to what degree a similar change occurs in 
infants or whether the permanent teeth are affected by an anti- 
scorbutic deficiency in early childhood. 
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CHAPTER VI 


EICKETS AS A DEFICIEXCY DISEASE. 


In consequence of the association of scurvr and rickets sometimes 
found in children, and further because of the emcacr of cod-liver oil 
as a therapeutic agent in rickets, it has naturally occurred to some 
(Hopkins. 163 : Punk. 164} that this latter is also a deficiency 
disease, its development depending upon some dietetic error involving 
accessory food factors. 

Experimental medicine has provided much positive knowledge 
concerning disease, but it has also shown how unreliable are many 
views on etiology when the basis is supposition and conjecture 
unconfirmed by scientific investigation. Eeference to the literature 
of rickets (Findlay. 165} shows that it occupies a pre-eminent place 
among diseases whose etiology is surromided by conjecture, and it 
is hai^ly an exaggeration to"^ say that every specialist in children’s 
diseases has his own hypothesis as to the causative factor of rickets. 
This portion of the monograph consists largely of a summary of an 
experimental investigation undertaken by E. Hellanby for the 
Medical Research Committee upon rickets in puppies (see Mellanby, 
166). Although incomplete, the results are sufficiently definite to 
place rickets among the deficiency diseases. 

This investigation carried out on puppies has consisted essentially 
in placing the animal on standard diets found to produce rickets, 
and then adding to the standard diets other substances in order to 
determine the effect of these on the development of the disease. As 
u, result of the work it has been found possible to make a provisional 
arrangement of foodstuffs into those preventing and those not pre- 
venting rickets. 

The standard diets used in the course of the work were as follows : 


Di-t L Diet IL 

Whole railkj 200 e.c. UTiole milk, 175 c.c*. 

Porridge. Oarmeal WTute bread 

Rice XaCl 1-2 sr. 

2 gr. XaCi 


Diet in. 
Separated milk, 
175 c.c. 

White bread 
CO °Q wheatens 
Linseed oil, 10 c.c. 
Yeast, 10 srm. 
XaCl'l-2gr. 


Diet IV. 
Separated milk, 
('250-350 c.c.) 
White bread (70 %) 

Linseed oil, 10 c.c. 
Yeast, 5-10 grm. 
Orange juice, 3 c.c. 
XaCl 1-2 gr. 


The abstraction of the butter from milk and its substitution by 
linseed oil in Diets III and IV was carried out in consequence of 
results obtained with the earlier diets. 

Similarly yeast and orange juice were added because they were 
lound to improve the general condition of the animal and to allow 
better growth. In work of this nature it is obviously desirable to 
have such a diet as will allow the best possible general health and 
2*a'te of growth consistent with a rapid development of the disease. 
As rickets is a disease that does not itself kill the child affected, and 
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(Diet II contained 5-7 grm. of butter-far). Malt extract delayed the 
onset of the condition, and ^dth large doses, e. g. about 20 c.c., some 
degree of protection ^^’as observed. When, however, Diets III 
and IV were the standard, the addition of meat (5 to 50 grm. in 
different experiments; did not prevent the development of character- 
istic symptoms. In all cases the meat seemed, however, to have an 
inhibitory influence which varied according to the experiment. For 
instance, meat added to the diet of a dog whose initial weight is small 
and whose rate of growth is also slight, may have a large influence 
on the development of rickets. With a large dog growing rapidly 
the influence of the meat is less evident, the increased metabolism in 
such a case apparently demandmg a large supply of the anti-rachitic 
factor.''^ 

The explanation of the different results obtained with meat, 
according as whether Diets II or IV were^used, apparently depended 
on the fact that Diet II was not so powerfully rickets-producing 
because of the presence of 5-7 grm, of butter-fat in the vrhole milk. In 
itself the butter in the milk 175 c.c.) was not sufficient to prevent 
rickets, but its effectiveness was increased considerably by the 
addition of a small quantity '10 grm.) of meat per diem. 

In addition to the above results, ire=h vegetables (50 grm. potatoes 
and turnips per diem) have definite inhibitory action when added to 
the standard diets. This action is, however, not great, and is almost 
negligible in cooked turnip when the liquid is poured away after 
cooking. 

Fats. It will be seen in the tables recording the rachitic and anti- 
rachitic substances that there is a wide variation in the effect of fats 
as regards rickets. In the first place, it can be definitely stated that 
the animal fats tested were more effective in preventing rickets than 
the vegetable fats, and the latter varied greatly among themselves. 
Linseed and babassu oils and a hydrogenated fat seemed to have no 
preventive action on the development of the disease. On the 
other hand, arachis and olive oils shovred moderate preventive action, 
while oils like coco-nut and cotton-seed occupied an intermediate ^ 
position. Such results demonstrate that the action of the oils does 
not depend on fats per se hut rather on something these substances 
contain. If we call this something an anti-rachitic factor it is clear 
that cod-liver oil and butter contain much more anti-rachitic factor 
than linseed oil. 

The Nature or the Axti-rachitic Factor. 

The results obtained show clearly that diet plays an important 
part in rickets, and a study of the diets and experimental results seems 
to allow a satisfactory explanation along the lines of accessory food 
factors. It is generally agreed that there are at present three accessory 
food factors : (1) Fat-sWble A ; (2) Water-soluble B ; (3) Anti- 
scorbutic. 

Two of these three factors can he immediately eliminated, as may 
be seen by reference to Diets III and IV. For instance, yeast is a rich 
source of the water-soluble B accessory, and since yeast in the diet 

^ See the analogous cases of beri-heri and scurvy (pp. 56, 67). 
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is compatible with rickets and shows no inhibitory effect, it is certain 
that the water-soluble B accessory is not the anti-rachitic factor. 
Again, orange juice in the diet allows rickets to develop, and therefore 
the anti-scorbutic factor is probably not concerned. We are now 
left Avith the fat-soluble A factor, and although the identity of this 
with the supposed anti-rachitic factor is not completely proA-ed, there 
is some probability that the substances are the same. It is knoAoi, 
for instance, that animal fats are a good source of the fat-soluble A 
factor and that A^egetable fats are deficient. Similarly the anti- 
rachitic factor is more abundant in the animal fats than in the 
A^egetable fats. On the other hand, as seen aboA'e, there is a well- 
marked grading of the anti-rachitic factor in the A'egetable fats 
AA'hich AA’as not traced in the distribution of the fat-soluble factor as 
studied in experiments with rats. It is possible that further Avork 
A\-ill show a more harmonious distribution of the fat-soluble A and 
anti-rachitic factors in the A'egetable fats, for, in the main, the agree- 
ment is sufficiently striking to suggest that the differences may be 
a matter of technique.^ Considering that the detection of fat-soluble A 
has depended on the feeding of young rats AA’hile the Avork on rickets 
has been carried out on puppies it is not surprising that such 
differences should appear. 

It is much easier to preA^ent rickets in a small and slowly-groAving 
puppy than in those of a larger type AA'hich grow rapidly. This is 
A\'hat might be expected from the accepted clinical obseiwation that 
rickets attacks the large well-groAA'ing infant, and is not found in 
marasmic babies. In other AA'ords, rickets is a disease accompanying 
groAA'th, and it appears that the more rapidly the animal grows the 
more anti-rachitic factor is necessary to keep the groAAth normal. 
Since, hoAvcA-er, it is recognized that both fat-soluble A and water- 
soluble B are necessary for groAvth ver se, in so far at least as rat 
feeding experiments aie concerned, it might, at first sight, seem 
strange that a disease of groAA'th should have its explanation in 
a deficiency of a growth-accessory factor. The experimental results 
indicate, that, howcA’er necessaiy it may be to haA'e a minimum of 
fat-soluble A in the diet to ensure groAvrli, it is by no means the case 
that the amount of growth has any relation to the amount of fat- 
soluble A eaten. On the other hand, there is an apparent relation 
between the rate of growth and the amount of anti-rachitic factor 
necessary to keep the growth normal and preA’ent the dcA'elopment 
of the rachitic syndrome. If, therefore, the anti-rachitic factor is 
the same as fat-soluble A, it appears from these experiments that 
the function of the latter is not so much to stimulate growth as to 
ensure the efficient working and normal deA-elopment of organs and 
tissues. 

Whether the undoubted ami-rachitic effect shown in some cases 
(on Diets I and II) by lean meat and meat extract is due to the 
comparatively small amount of the fat-soluble accessory contained 
in them, or whether the explanation of their effect must he sought 
along other lines, is a question requiring quantitatiA'e inv'estigation. 

It AA'ill be seen, therefore, that, although there is considerable 

^ Moreover, the influence of green leaves, a valuable souice of the fat -soluble acces- 
sory, has not yet been examined in connexion with rickets. 
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e\^dence that fat-soluble A and the anti-rachitic factor are identical, 
further work is necessary, and the above difficulties must be cleared up 
before it can be stated definitely that they are the same. 

APPLICATIOtC OF THE FOKEOOINO FaCTS TO OTHER HYPOTHESES 
COYCEEYIXG TEE EtIOLOGY OF EiCKETS. 

The main hypotheses that have been put foiward previously 
concerning rickets fall for the most part under two groups : (1) 
Dietetic '2'^ Hygienic. There are, of course, other explanations, 
such as the action of the thymus Alatti, 167 : Basch, 16S : Klose 
and Togt, 169' and other ductless glands, and the infection theory 
advocated by Koch A 70^, which cannot be so classified. It is obvious 
that an hypothesis involving ductless glands is not in antagonism 
to a dietetic explanation, more especially one concerned with acces- 
sory food factors, for nothing is knovtn about the mode of action 
o: the latter and very little of the former. 


(11 Dietetic Hypotheses. 

(a) Eickets q.s a Disease due to Deficiency of Fat. 

The work of Bland Sutton 171) on the lion cubs at the Zoological 
Gardens has left its impression on English thought as regards rickets, 
and, together with the acknowledged efficacious results that follow 
the treatment of rachitic children with cod-hver oil and other fats, 
has brought about a general acceptance of the view that rickets is due 
to a deficiency of fat in the diet. The results here recorded make it 
clear that the efficacy' of the treatment — curative and preventive — 
does not depend on the fat per se. but on whether it contains an 
abundance o: anti-rachitic factor, animal fats being very superior in 
this respect to vegetable fats. 


% Excess of Carbohydrate in the Diet. 

V^Tien a diet contahis excess of carbohydrate it means that it is 
made up largely of cereals. Xow cereals, and more particularly cereals 
Hke wheat and rice, which have undergone some manufacturing 
process resulting in the loss of the embiyo. are most deficient in 
accessory food factors. A diet, therefore, of such substances is un- 
balanced and most effective in producing rickets. 

(c; Defuciency of Fat and Excess of Carbohydrate (Holt, 172 ; 

Cheadle, 173'. 

Tins condition comprises the first two hypotheses, and what is said 
about these can be extended to this suggestion. Such a combination 
would most certainly involve a deficiency of the anti-rachitic factor. 

(d) Deficiency of Calcium in the Diet. 

An abundance of calcium in the diet either in the form found in 
separated milk or as calcium phosphate will not prevent rickets 
when the diet is^ deficient in anti-rachitic factor. Similarly it has 
been found by Stoeltzner (174) and others that a diet otherv^dse 
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adequate, but containing too little calcium, ^’ill not produce rickets, 
although soft bones deficient in calcium salts are found in the 
animals. It is, ho^’ever, probable that a deficient calcium intake 
associated with deficient anti-rachitic factor intake will bring about 
more strongly marked bone and other deformities associated with 
rickets than would occur if the supply of calcium salts were adequate. 
Lack of these salts must to this extent be an adjuvant factor in the 
etiologj' of rickets. 

The above are some of the more commonly held dietetic explanations 
of rickets, and it will be seen that there is nothing in them which is 
contrary to the accessory food factor theory. In fact this suggestion 
in a general way focuses the above theories to a central point. 

(2) Defective Hyoiexic Conditions. 

The Von Hansemann (175) theory of domestication includes in 
a comprehensive way all the unhygienic conditions associated with 
life in civilized and especially in closely packed commumties. The 
defects involved in civilized environment and more particularly 
met with in urban life are [a) dietetic, [b) involving confi n ement and 
lack of fresh air. The dietetic portion of this combination has been 
dealt with above and is considered to be the prime factor in the 
etiology of rickets. 

The second factor — confinement and lack of exercise — ^^dll now be 
briefly discussed. The effect of confinement on the development of 
rickets has been studied by Findlay (176), who has decided that it is 
the real cause of the disease. Findlay's experiments involved the 
use of fourteen puppies, and during the experimental period of three 
months,, five of these died. One on a diet of oatmeal and water and 
another on rice and water, died of marasmus. The remaining twelve 
were fed on porridge and milk (amount not stated), and of the nine 
animals that were"" confined, three died, one of marasmus, two of 
broncho-pneumonia with rickets. The confined animals were 
rachitic. Xow, in an experimental research, designed to show the 
influence of confinement on the development of rickets, it is neeessaiy 
that the diet used should be adequate and allow healthy development. 
That the diet given was not healthy is suggested by the high death 
rate recorded, and the experimental results only show that exercise 
is a factor in the production of rickets, hut cannot be regarded as 
proof that it is the primary factor. Before the acceptance of this 
hypothesis is possible it must be shovui that confinement on an 
adequate diet, that is to say, one compatible with the general health 
of the animal, always brings about rickets. In E. Mellanby s ex- 
periments puppies developed no signs of rickets during confinement 
for three months when fed on adequate diets.^ 

Reference may here he made to the recent statistical account of an 
investigation made by Miss Ferguson (173) on rickets, more particu- 
larlv in Glasgow for the Medical Research Committee. 

The interpretation of the results of this work are regarded as being 
adverse to the hypothesis that rickets is a dietetic deficiency disease, 

^ Findlay’s work has recently been confirmed and extended by Paton, Findlay, and 
Watson (177). 



88 


and the general conclusion, although undetermined in a definite 
sense, is that the factors favouring the development of rickets are : 

1. Insufficient space in houses. 

2. Confinement in such houses. 

3. Imperfect parental care. 

Xo support is given to the diet hypothesis, borne of the dietetic 
results obtained by iliss rerguson^have been criticized else^^'here 
(166), and it remains doubtful vrhether accurate conclusions as to 
the diet of individual children, particularly of infants belov tyro years 
of age, can be dravn from a consideration of family diet budgets. 

- Prophylactic TREAXiiE^'T or PlICkexs with Cod-liver Oil. 

The therapeutic treatment oi rickets with cod-liver oil and malt 
is generally regarded as efficacious, but the successful prophylactic 
trials made with cod-hver oil by Hess and Unger (179) gives 
additional weight to the view advanced in this monograph that 
rickets is a deficiency disease due to insufficient amount of anti- 
rachitic factor in the animals’ diet. Hhese workers arranged for 
the distribution of cod-liver oil among the children of negro families 
in the Columbus Hill District of York. Pickets is rife in this 
district and is said to affect 90 per cent, of the whole number of 
infants. The oil was given to infants between four months and 
a year old, and the results obtained were so striking as to deserve 
reproduction here (Table XIV). 


Table XIV. 


Oil gice.i. 

Diirahoyt of 

Xo. or 

I if a its not 

Infants 

Per 

Av^zrage total. 

Therapy. 

Infarizs. 

dezelopirg 

Rickets. 

deteloping 

Rickets. 

Xon-RachiXic. 

.5L oz. 

6 znoxths 

32 

30 

2 

93 

23 oz. 

6 months 

-5 

4 

i 

60 

21 oz. 

4 months 

12 


5 

5S 

Xor siven 

— 

. 16 

1 

15 

6 


It will be observed that, whereas without cod-liver oil 94 per cent, 
of the children developed rickets, when cod-liver oil was given in 
the largest dose, only 7 per cent, of the children were so affected. 
The cod-liver oil was a more potent factor than breast feeding, for 
even when breast fed almost all these coloured babies developed 
rickets. 

The development of rickets in breast-fed babies is uncommon in 
England, but that it does occur is undeniable and demands the 
attention of research, for, in a normal way, an abundance of whole 
milk in the diet is incompatible with the development of rickets. 
Probably the explanation is to be found in the inability of the 
maternal organism to synthesize accessory food factors (see p. 70), 
so that a mother’s milk is only adequate when she received a suffi- 
cienc}' of these substances in her own diet. It is interesting that 
Hess and Unger 'ISO), as the result of a statistical investigation of 
the dietaries of negro women in New York, found a large proportion 
were eating too little fat ; also that the amount of milk they con- 
sumed was abnormally small, while vegetables and fruit only formed 
a small part of their diet. 
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General Considerations of Eickets as a Deficiency Disease. 

It is but little realized lio^' great and widespread is the part 
played by rickets in civilized communities. If the matter ended 
with bony deformities obvious to the eye it would be bad enough, but 
investigations have demonstrated that such deformities only repre- 
sent a small part of the cases affected. Schmorrs (ISl) histological 
investigations on children dying before the age of 4 years showed that 
90 per cent, had had rickets. Ihe relation between defective teeth 
and rickets has been placed on an experimental basis recer-tly by the 
work of ilay Mellanby 152}. and there can be little doubt that any 
remedy which would exclude the one would almost certainly improve 
and might eradicate the other (see Fig. IS). Ihe rachitic child carries 
the stigma of the disease throughout life in the form of defective 
teeth. Xor is this the most serious part of the evil, for the reduced 
resistance to other diseases of the rachitic child and animal is so 
marked that the causative factor of rickets may be the secret of 
immunity and non-immunity to many of the diseases which result 
in the high infantile death-rate associated with urban conditions. 
It is a striking fact to remember that in the West of Ireland, where 
the infantile death-rate is only 30 per 1,000, rickets is very rare, 
whereas in poor urban districts of this country where rickets is rife, 
the infantile death-rate varies from 100 to 800 per 1,000. It is 
at least suggestive that there may he some relation betweeri rickets 
and the enormous death-rate of infants in towns even although the 
disease m itself does not kill. Ihe experimental work with puppies 
has shown that the rachitic condition need not be at all advanced, 
before the animal’s whole behaviour is transformed. It becomes 
lethargic and is far more liable to he affected by such diseases as 
distemper, broncho-pneumonia, and mange. Ihe low resistance of 
the emimal to infection developed under conditions which ultimately 
may lead to rickets is impressive. 

Ihere is some danger in applying laboratory results to a clinical 
condition more especially when the results are new and for the most 
part uncontrolled by clinical observation. But some remarks are 
necessary in this connexion, for, if experimental research can point 
to the real cause of a disease, then not only is the curative treatment ' 
indicated, but, what is of much greater importance in the case of 
rickets, it ought to he possible to indicate why rickets is widespread 
and to direct action along preventive lines. It appears from this 
work that the foodstuffs of an infant ought to contain a maximum 
amount of anti-rachitic factor, and that the type and amount of 
fat eaten are important. Since the amount of fat a child can eat 
is limited, it is necessary to give children the best fat from the point 
of view under consideration.’ Ihey should, therefore, not be given 
vegetable margarines or any other vegetable fat. Ihe natural fat 
for a child is the fat of milk, and to give it a vegetable fat not only 
limits the amount of butter it can eat even if procurable, but also 
weighs down the diet in the rachitic direction. If additional fat is 
given, then cod-liver oil is the best. 

Milk should remain the staple article of diet not only until weaning 
but for some years after this time. Milk is undoubtedly better than 
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the corresponding amount oi butter. Under normal circumstances 
the child Yv-ould then be assured oi a good supply of anti-rachitic factor 
throughout its early life. Xot, hot\’ever. under all circumstances is 
this certain, for the vroik of iIcColium, Simmonds. and Pitz (183) 
has shown that before an abundeaice oi fat-soluble A appears in the 
milk the mother must have a good supply of this substance in her 
food. So far as the water-soluble accessory is concerned Drummond 
(154) has confirmed the results oi these workers. This means that 
the animeJ's power of synthesizing these -accessory food factors is 
small or absent. Green leaves are a good source of the fat-soluble A 
factor for the cow. and a well-fed cow. from this point of view, will 
give good milk. The nursing mother drinks this milk and eats eggs, 
blitter, green vegetables, d:c., and the accessory food factors are 
passed on to her mammary glands, thereby allowing the breast-fed 
child to get an adequate supply. If therefore a mother's diet is 
deficient in the anti-rachitic factor, it is easy to understand how 
even the breast-fed child may develop rickets. It is probable that 
the same argument applies even if it should subsequently prove 
that the anti-rachitic factor and fat-soluble A are not identical. 
These suggestions may also explain w'hy in children brought up on 
cow's milk rickets develops more commonly in the winter months, 
when the cow's diet is more artificial tmcl may contain less of the 
anti-rachitic factor. 

As for the action oi other foodstuffs it has been pointed out that 
meat has an anti-rachitic effect to some extent, and even in small 
quantities (10 grm. a day to a puppy) will render a slightly rachitic 
‘diet safe. Vegetable juices seem also to have some inhibitory action 
on the development oi rickets. 

Nowadays, when proprietary foodstuffs for children are much in 
evidence, the public should insist on knowing the relative value of all 
these preiparations as regards their accessory food factors as well 
as their content oi proteins, fats, carbohydrates, and salts. Syn- 
thetic milks, especially those containing vegetable oils, should not 
be given to infants and children unless they have been proved to 
contain an adequate amount of anti-rachitic factor. Similarly, dis- 
pensing vegetable oils to children instead of cod-liver oil ought to 
be discountenanced. 

Finally, it may be stated that, although the experimental w'ork 
here summarized deals only with young animals, it is certain that 
the necessity of having abundant anti-rachitic factor in the diet is 
also important at a later stage. Eecently May Mellanby (132) has 
demonstrated the effect of diets deficient in an accessory food factor, 
probably fat -soluble A, on the calcification of puppies* teeth (see 
Fig. IS). Apparently the formation of .calcified enamel and the ade- 
quate spacing of the teeth in puppies is dependent on an abundance of 
some such factor. Li human beings calcification of the teeth is 
a much slower process and continues till the eighteenth year. In 
order to ensure perfect calcification of the teeth, therefore, it is neces- 
sary that the diet should contain adequate supplies of the accessory 
food factor up to this time, and a deficiency at any period will be 
reflected in a corresponding defect in the formation of the teeth. 
The teeth appear to be most susceptible to this deficiency and the 
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results suggest that the defective teeth of civihzed man may depend 
on some such type of unbalanced diet as has been suggested as the 
cause of rickets. 

In conclusion, there is good evidence that rickets is a deficiency 
disease due to diets vhich are unbalanced in that they contain too 
little of those substances rich in anti-rachitic factor and too much 
of those substances deficient in this respect. The anti-rachitic has, 
in many respects, a similar distribution to the fat-soluble A factor, 
and is possibly identical ^'ith this substance. 
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CHAPTER VII 


PELLACtEA. 

Pellagra is a disease which is endemic in certain parts of the 
world, of which the chief are Northern Italy, Eonmania, and the 
Southern States oi Xorth America. The disease may assume move 
than one form 'Eoberts, 1S5), but the characteristic symptoms in 
practically all cases consist of severe gastro-intestinal disturbances, 
accompanied by a bilateral symmetrical dermatitis which is painful 
and followed by desquamation and pigmentation. Until recently 
a survey of the literature on j)ellagra left the reader in obscurity 
regarding the etiology of the disease. The very multiplicity of 
theories that have been advanced was sufficient evidence that the 
correct explanation had not been discovered. 

The majority oi these theories may be divided into two groups, 
according as the}' regard the disease as one of injectrce origui, or as 
the result of a faulty diet Of those investigators who lean towards 
the belief in an infective origin, prominence must be given to Sambon, 
who made a careful study of the disease in Italy '1S6), From an 
epidemiological study of the disease, he concluded that it was not 
connected with the consumption of maize, but that it was an infec- 
tion, probably of a protozoal nature, and that flies of the genus 
SirnuUum (sand flies} were agents in the transmission. 

Although this theory has received a certain amount of support 
(1S7, 1S5), it has failed to convince many investigators who could 
find no relationship between pellagra and the Sunidium flies (1S9). 
In no case has the amrouncement of the isolation of a specific 
organism from cases of pellagra been substantiated by further and 
more careful investigation. The strongest evidence against the 
infectivity of the disease is, however, given by the failure which 
has followed all attempts to transmit it to animals and man (190 
and 191). In spite of this, many still regard the disease as a specific 
infection, but no further progress has been made in proving the 
correctness of this view. 

Turning now to those theories which ascribe the malady to dietary 
causes, it is found that to a large extent they originated in the 
observation that pellagra is frequently localized amongst people who 
subsist largely on a maize diet. Xaturally the suspicion fell on maize, 
and for some little time considerable popularity was accorded to the 
theory which ascribed the malady to the consumption of diseased 
or spoilt maize (192 and 193). Several authors described the isolation 
of toxic substances from spoilt maize, and it was suggested that these 
products, produced by the growth of moulds, when ingested into 
the body were responsible for the production of a chronic intoxication 
resulting in pellagra. This and closely similar theories found many 
adherents, particularly in Italy. 

The first suggestion that pellagra was a disease produced by 
a deficiency in the diet was made by Funk (194). Following the 
researches which he made upon the etiology of beri-beri, he attempted 
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to draw an analogy between that disease and pellagra. As has 
already been pointed our in an earlier section, the polishing of rice 
removes a certain substance, present in the embryo, which is indis- 
pensable for normal nutrition, and an absence of which from the 
diet eventually induces the train of symptoms associated ^ith 
beri-beri. Tunk suggested that in the miUing of maize a similar 
substance was removed, and that an absence of that factor from the 
dietary would produce pellagra. He advocated the consumption 
of whole-meal maize and of potatoes to combat the disease (194). 
He was unable to produce the disease experimentally, and his theory, 
attractive as it might appear, was based purely upon conjecture. 
Since that time evidence has not been forthcoming which would 
justify the acceptance of his view, and a more careful study of the 
diet consumed in pellagrous districts is in itself sufficient to disprove 
the theory. 

In 1914 Goldberger in America reported a very careful study of 
the dietaries of pellagrous communities, and his results clearly 
indicated a controlling influence of diet both in the causation and 
the iDrevention of the disease (195, 196, and 197). His work has 
led to the advancement of the most satisfactory theory yet put 
forward regarding the etiology of pellagra. The accuracy of his 
conclusions, dravui from the study just referred to, was de- 
monstrated in a striking manner by his experimental production 
of the typical disease in man by feeding upon a restricted diet 
similar to that consumed in pellagra zones (19S;. The diet he 
employed consisted of dishes prepared from corn, patent flour, 
polished rice, pork fat, corn starch, syrup, sweet pota.toe5, cabbage 
and turnip greens. Tedder (199) has also expressed the belief that 
the disease may be the result of a dencient diet, and pointed out 
that it is localized in districts where the population subsist on low 
protein and high carbohydrate rations derived very largely from 
corn products. 

In 1917 Chittenden and Underhill (200). reported the production 
in dogs of a pathological condition closely resembling human pellagra 
by restricting the animals to a diet of boiled peas, ' cracker meal b 
and salad oiKcott on-seed oil). By quantitative variation in the food 
intake, the condition could be produced in varying periods of time 
ranging from one to six or eight months. They found that the 
pathological condition usually began suddenly with a refusal to eat. 
After abstention from food for a day or two, the animals showed 
a characteristic condition of the mouth and tongue, which were 
covered with pustules. At the same time severe gastro-intestinal 
disturbances were indicated by a haemorrhagic diarrhoea. In many 
cases the condition could be cleared up and a normal nutrition 
re-established by the addition of meat to the diet, but the amount 
of meat had to be above a certain level, otherwise no improvement 
resulted. In fact, it was fomid possible to induce the pathological 
condition in animals fed upon a meat, cracker meal, and lard diet, 
when the intake of meat was kept sufficiently low. Chittenden and 
Underhill believe that the condition they have described, which 
they suggest may be analogous to pellagra in man, may be referred 
to a deficiency of some essential dietary constituent or constituents. 
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A systematic anah'sis of the deficiencies exhibited by the dietaries 
characteristic of those consumed in pellagrous districts has been 
made by ilcCollum (201). 

As a result of the extensive researches which he has made on the 
nutritive value of various foodstuffs, it has been proved that the seeds 
of any plant Vheat, oats, maize, rice, beans, peas, flax, or millet), 
when fed as the sole source of nutriment, are inadequate for growth 
or prolonged well-being. 

This has been traced to the fact that they all exhibit somewhat 
similar deficiencies. First, the quality of the proteins they contain 
is low: This is particularly true of maize, which contains considerable 
amounts or the protein zein, the molecule of which is deficient in the 
biologically imporranr amino-acid tryptophan. Secondly, they are 
usually deficient in certain inorganic elements, particularly sodium, 
calcium, and chlorine: and thirdly, with the possible exception of 
flax and millet, they are inadequate sources 'of the indispensable 
food unit which is termed fat-soluble A ;see p. 22}. 

McCollum has pointed out the most interesting fact, that the leaf 
of a plant may make good certain of the deficiencies of the seed. 
He has shown that cabbage and clover leaves are rich in the fat- 
soluble A and the inorganic elements sodium, calcium, and chlorine, 
and that a well-balanced food may be obtained by suitable mixtures 
of leaf and seed ■;202, 208). AVorking on this basis. McCollum has 
shown that the diets consumed by the populations of pellagrous 
districts show grave inadequacies, in that they are usually composed 
very largely of ioodstufis derived from seeds. 

Thus, he has analysed the rations employed by Goldberger in the 
experimental production of pellagra in the'hurnan being (see p. 93), 
and has shown that 95 per cent, of the energy intake on those diets 
is derived from seed products or pork fat. Such a dietary shows 
three serious inadequacies : 

1. It is undoubtedly deficient in the indispensable factor known 

as fat-soluble A. 

2. It is probably deficient in sodium, calcium, and chlorine. 

3. The quantity of proteins is low, and their nutritive value is 

below that of the proteins derived from meat or milk. 

The following dietaries are typical of those consumed in the 
pellagrous districts of Italy (204)*', and represent the type of ration 
low in fat-soluble A and poor as regards protein supply : 


I n 


Maize 

. 1,091 grm. dailv. 

Polenta , 

. 1,500 

Beans 

60 

Milk 

100 

Rice 

67 „ 

Rice 

100 

Potatoes . 

67 „ 

Potatoes . 

100 

Vegetables 

. 250 „ 

Vegetables 

100 

Lard 

21 

Lard 

20 

Olive oil . 

33 

Olive oil . 

10 

Pish 

. 67 ,, 

Beans 

100 

Poultry . 

27 

Cheese . 

. 50 


The theory which regards pellagra as a result of prolonged main- 
tenance on an ill-balanced dietary of this type has recentlv received 
additional support by the careM investigation recorded'^bv Gold- 
berger, AVheeler, and Sydenstricker (205). 
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A very exhaustive examination of the food purchased by pellagrous 
and non-pellagrous households in South Carolina '^as made. They 
sho'wed that although the calorific intake of the pellagrous households 
was slightly less than that of the non-pellagrous, nevertheless the 
dietaries consumed by both types of household possessed calorific 
values comparing favourably with the recognized standards. The 
non-pellagrous undoubtedly enjoyed a larger supply of butter, and 
the animal protein foods, lean meat, milk, cheese, and eggs. Varying 
supplies of these foodstuffs, particularly fresh meat and milk, were 
associated with a corresponding inverse variation in the incidence 
of pellagra. In their concluding remarks they state: ‘the indications 
afforded by this study would seem very clearly to suggest that the 
pellagra-producing dietary fault is the result of some one or, more 
probably, of a combination of two or more of the following factors : 
(1; a physiologically defective protein supply : '2) a low or inadequate 
supply o: the fat-soluble vitamine : b3) a low or inadequate supply 
of the water-soluble vitamine : and '4; a defective mineral supply.' 

' The pellagra-producing dietary fault ma}' be corrected and the 
disease prevented by including in the diet an adequate supply of 
the animal protein foods, particularly milk, including butter and 
lean meat.' 

An important series of observations have been made recently by 
W. H. Wilson (unpublished work) of Cairo, which throw new light 
upon the etiology of pellagra, and go to prove that the disease is to 
be attributed principally if not entirely to a defective protein supply 
in the diet. This conclusion emerged after a careful anah'sis of 
a large series of diets known to have produced pellagra, together 
with others proved to be preventive or curative. Special attention 
was paid to the protein provided, not only as regards the actual 
amount, but also as regards the ' biological value ’. The figures 
expressing the latter are taken from the work of K. Thomas (206), 
who investigated the nutritive properties of protein derived from 
various foodstuffs, and estimated their relative value in maintaining 
nitrogenous eqmhbrium in the human subject. These values were 
found to vary vithin wide limits, the ‘ biological value ’ of vegetable 
protein (and" especially of the protein derived from the maize grain) 
being less than that of milk or meat proteins. Equilibrium was not 
attained with maize diet, hut Thomas calculated from the data 
obtained that the amount of ' tissue repair ' effected by 30 grm. 
protein from meat or milk would require over 100 grm. of maize 
protein. Other foodstuffs, such as fish, rice, potatoes, occupied an 
intermediate position. The reason for this difference lies doubtless 
in the fact that animal proteins are more appropriately constituted 
for animal nutrition as regards the amount and variety of their 
constituent amino-acids. The inferiority of maize proteins would 
be explained by the large proportion contained of zein, a protein 
which is devoid both of tryptophan and lysine, two amino-acids 
wdiich are known to be essential for animal nutrition. 

Unfortunately the results obtained from the different experiments 
with maize were not concordant, and further confirmation is necessary 
before Thomas's figure for the biological value of maize protein can 
be accepted as final. 
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Table XV. 


' Biological values ’ of 
' tissue ^’'epainng * c allies 


carious proteins, as 
of equal iveignts. 


Pleasured 


hy the relative 


Ox meat . 

. 104 

Casemogen 

70 

Cow's milk 

. 100 

Peas 

56 

Fish 

. 95 

Wheat rlour 

40 

Rice 

5S 

Maize meal 

30 

Potato 

. 79 




It was after analysis of the pellagrous and non-pellagrous diets 
from this point of view that V'ilson'arrived at the conclusion that 
danger of pellagra occurred if the ’ biological value * of the protein 
ration was below a certain level. This level, as might be expected, 
varied within certain limits according to individual need and idio- 
svncrasy, hard manual labour needing a more generous provision in 
this respect. This view is in accord with many of the known facts 
of the incidence of the disease. For example, upon this theory 
pellagra woulci be likely to develop with greatest frequency upon 
a diet consisting largely of maize^ owing to the low ‘ biological 
value '■ of the pinteins of this cereal ; at the same time the disease 
might occur among wheat or rice eaters, in cases of an exceptionally 
low total consumption, but it could rarely occur among populations 
taking meat or milk even in small quantities. The protein deficiency 
which leads to pellagra and is possibly concerned with a defective 
supply of some essential amino-acid or acids may, in Wilson’s opinion, 
occur" also upon an adequate diet if assimilation is defective as the 
result of gastrointestinal disease. This theory would account for 
certain rare cases, occurrmg in England and elsewhere, of a disease 
with symptoms closely resembling those of pellagra. In these 
instances there has frequently been a history of chronic diarrhoea 
and gastro intestinal disturbance of long standing. 
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APPEXDIX 

\_Tlie folloiv-irig riieinorandurn. v:o.s issued by iJie Coiyimitiee on Accessory 
Food Factors u: June 1919; it contains a short sunirnary oj the 
present state of our knoidedge upon this subject arid of the practical 
applications that can be made. 


THE IMPORTANCE OP ACCESSORY 
FACTORS IN THE FOOD. 

SOME FACTS COXCEEXIXG XUIEITIOX, FOE THE 
GEIDAXCE OF THOSE ENGAGED IN ADMINISTEATION 
OF FOOD BELIEF TO FAMINE-STEIGKEN DISTEICTS. 

Eece^tt research has shown that the requirements of the human 
organism as regards diet cannot be met entirelv by an adequate 
supply of protein, fat. carbohydrate, inorganic salts, and water. 
It has therefore modified the common belief of ten or more years ago, 
when the attention of physiologists was focussed upon the calorie or 
energy value of the diet. It is now established that, in addition to 
these necessary constituents, certain unidentified principles, known as 
accessory food factors or ‘ vitamines must also be present in order to 
maintain health and prevent the occurrence of ' deficiencj- diseases *. 
These substances have not so far been isolated, little is known of 
their chemical or physical properties, and at the present time their 
presence can only be detected by experiments with animals. 

These accessory factors or Autamines are widely distributed 
among naturally occurring foodstuffs, and in time of peace, under 
normal conditions of food supply; the A'ariety of food consumed by 
European nations protects them from risk of anj’ deficiency in 
these essential substances. Ender the conditions arising from the 
w'ar a different state of things exists ; in addition to a general 
shortage of food there is also a great restriction in the A^ariety 
available, and danger from * deficiency diseases ’ is to be feared. 

Of these diseases scurA-y is the best knoAA-n, and the belief that 
it is caused by some deficiency in the diet has long been strongly' 
held. Eecent research has added to the deficiency diseases beri-beri, 
rickets, and other less well-marked disorders of growth and de- 
partures from health. 

The foUoAving notes have been compiled by the Committee on 
Accessory Food Factors in the hope that they may afford practical 
help to those occupied in the administration of food relief to the 
famine districts of Eastern Europe. The adA'ice gh-en is based upon 
the present state of our knowledge of the distriWtion of accessory 
food factors (A'itamines) in natural foodstuffs and of the role played 
by them in preA-enting disease and in promoting health and growth. 

The accessorj' food factors at present recognized are three in 
number : 

(1) Anti-neuritic or anti-beri-beri factor, identified with the 
Avater-soluble B growth factor of the American investigators. 
o508 H 



(2) Fat-soluble A growth factor or anti-rachitic factor. 

(3) Anti-scorbutic factor. 

As far as is knoT^ui the accessory food factors cannot be produced 
by the animal organism, and all animals are dependent for their 
supply directly or indirectly upon the plant kingdom. 


DlSTEIBirilONT ANTD PuOPEETIES OF THE ACCESSORY FaCTORS. 

T’ Anti-neuritic or Anti-beri-beri Factor (’water-soluble B‘ 
growth factor of the Americans). 

This vitamine prevents the occurrence of beri-beri in man and 
analogous diseases in animals. It is also necessary to promote 
satisfactory growth in young animals. It is widespread, and is found 
to some extent in almost all natural foodstuffs. Its 'p'incivcd sources 
are f:e seeds oj claKts arid the eggs of aniracds. where it is deposited, 
apparent-ly, as a reserve for the nutrition of the young offspring. 
Highly cellular organs such as the liver and the brain contain con- 
siderable amomits of this vitamine : flesh contains comparatively 
little. Yea‘st cells are a rich source, so also are yeast extracts, e.g. 

' marmite b In the case- of peas, bea.n5, and other pulses, this 
vitamine is distributed throughout the seed, but with cereals it is 
concentrated in the germ (embryo) and in the peripheral layer of the 
seed which in milling is peeled off with the pericarp and forms the 
bran. 

Beri-beri is occasioned by a diet composed too exclusively of 
cereals from which germ and bran have been removed by miliing, 
as in the case of polished rice or white wheat dour. The disease is 
common where polished rice is the staple article of diet to the almost 
entire exclusion of other foodstuffs. It is rare, though not unknown, 
where white wheat bread is eaten, because the consumption of this 
type of cereal food is usually accompanied by a sufficiency of other 
foodstuffs containing the essential principle. It is unknown where 
rye bread is the staple food, because in the milling of rye there 
is no separation of the germ. 

2) The Fat-Soluble A Growth Factor or Anti-rachitic Factor, 
necessary to promote Growth and prevent Rickets in young 
Animals. 

This vitamhie appears to be necessary also to maintain health 
in adults, and it has been suggested that war oedema may be due to . 
a lack of this factor in the diet. 

The main sources of this factor are two in number : 

(1) certain fats of animal origin, 

(2) green leaves. 

The most notable deposits of this factor are in cream, butter, 
beef fat, fish oils (for example, cod-liver oil, whale oil), egg yolk. 
It is present in very small or negligible amount in lard (pig fat) and 
in vegetable oils, as, for example, linseed oil, olive oil, cotton-seed oil, 
coco-nut oil, palm oil : pea-nut or arachis oil is reported to contain 
it in larger amount. It will be noticed that thk factor is found 
chiefly in the more expensive fats. 

While green-leaf vegetables contain the fat-soluble factor, root 



vegetables are deJ&cient in it ; -war oedema has been frequently 
reported under circumstances in which root vegetables have formed 
a large proportion of the diet. 

(3) Anti-scorbutic Factor. This vitamine is necessary in a diet for 
the prevention of scurvy, and is found in fresh vegetable tissues and 
(to a much less extent) in fresh animal tissues. Its richest sources 
are such vegetables as cabbage, swedes, tiirnij)s, lettuce, water- 
cress, and such fruits as lemons, oranges, raspberries, tomatoes. 
Liferior in value are potatoes, carrots, Trench beans, scarlet 
ruimers, beetroot, mangolds, and also fcontrary to popular belief) 
lime juice. Potatoes, although classed among the less valuable 
vegetables as regards anti-scorbutic value, are probably responsible 
for the prevention of scurvy in northern coimtries during the 
winter, owing to the large quantities which are regularly consumed. 

Alilk and meat possess a definite but low anti-scorbutic value. 

^ This vitamine suffers destruction ichen the fresh foodstuffs con- 
taming it are subjected to heat, drying, or other methods of preservation. 

All dry foodstuffs are deficient in cinti’-scorlutic properties ; such are 
cereals, pulses, dried vegetables, and dried milk/ 

Tinned vegetables and tinned meat are also deficient in antiscorbutic 
principle. In case of tinned fruits the acidity of the fruit increases 
the stability of the vitamine, and prevents, to some extent, the 
destruction which would otherwise occur during the sterilization by 
heat and the subsequent storage. 

A table giving a summary of our knowledge to the distiibution 
of these three accessory factors among the commoner foodstuffs 
is appended, p. 102. 

Practical Application or the Foregoing Tacts to the 
Prevention of Disease. 

(!' Prevention of Beri-beri. 

It is unlikely that any danger of beri-heri will arise among the 
famine threatened districts of Eastern Europe as long as wholemeal 
flour from rye. ichecit barley, maize, or peas, beans, and lentils are 
provided. Mere shortage of food does not cause beri-beri, and poverty 
ensures that the whole grain is consume-d for purposes of economy. 

.'2^ Prevention and Cure of Rickets or Growth Failure 
in Children or War Oedema in Adults. 

Evidence is accumulating that rickets is caused by a shortage not 
of fat as such, but of the ‘ fat-soluble growth factor ' which is con- 
tained in certain fats. Xerophthalmia, a severe disease of the external 
eye, leading, if untreated, to blindness, has also been attributed to 
lack of this factor. Infants and young children must therefore be 
supplied with the right kind of fat To prevent rickets (1) full cream 
milk should be secured for artificially fed infants when possible ; failing 
that. (2) full cream dried milk or (3) full cream unsweetened con- 
densed milk. (2) is preferred to (3), and,-m~.^a^-ftLignorant or 
careless mothers, even to *1), in order to pL*'ey^5is|D:^]£^^fection 



and intestinal disorders. In all cases where (2) or (3) are used, an 
extra anti-scorburic should be given (see below). 

Sweetened condensed milk is undesirable for the reason that the 
degree of dilution required by the high sugar content renders the 
food, as prepared, deficient in the fat -soluble (anti-rachitic) factor as 
well as in fat and protein. 

Milk and butter are the best sources of the anti-rachitic (or fat- 
soluble) factor for young and growing children ; margarines made 
from animal fats are also valuable ; those made from vegetable oils 
are to be condemned. If there is a shortage of butter it should be 
reserved for children, but if totally lacking the deficiency can be 
replaced by cod-liver oil and other fish oils, or by eggs. If all animal 
fats are imavailable, pea-nut oil should be selected in preference to 
other vegetable oils for preparation of margarines, tVc., and some 
effort should be made to utilize the fat-soluble vitamine contained in 
green leaves. 

Green leaves are a cheap and readily available source of the fat 
soluble vitamine, and adults can probably maintain good health 
when animal fats are substituted by vegkable fats if green-]eaf 
vegetables are consumed in fair quantity. In case of this vitamine, 
the loss involved in ordinary cooking is not seriou-. Unfortunately 
infants or very young children cannot take green regetables in the 
oirdinary tvay, but the juices expressed from cabbage- and other 
green-leaf vegetables, raw or even after siearning nor immersing in 
boiling water; for a few minutes, might be given even to infants if 
all other sources of this most necessary vitamine have failed. 

Purees, carefully prepared from cooked spinach or lettuce, can bt- 
tolerated in small quantities one teaspooniul daily) by many young 
infants, and the amount taken can be increased regiilarly with agf. ^ 

In cases where rickets or growth failure or xerophthalmia are 
already well estabhshed, a daily dose of cod-liver oil is essential in 
addition to all other procedure. 

Pregnant and nursing mothers should have as liberal a supply of 
f he ^fat-soluble factor as is possible. Pickets is not confined to 
artificially fed children. Breast-fed cliildren dejDend for an adequate 
supply of this factor on the milk, which in turn depend- upon the 
diet of the mother. 

(3 1 Prevention of Scurvy. 

Pse of germinated seeds. If fresh vegetables or fruit are scarce 
or absent an anti-scorbutic food can be prepared by moistening any 
available seeds wheat, barley, rye, peas, beans, lentils;- and allowing 
them to germinate. It is necessary, of course, that these should be 
in the natural whole condition, not milled or split. The seeds should 
be soaked in water for 24 hom's, and kept moist with access of air 
for 1-3 days, by which time they ^ill have sprouted. This sprouted 
material possesses an anti-scorbutic value equal to that of many fresh 
vegetables, and should he cooked in the ordinary wav for as short 
• a time as possible. 

In case of shortage it should be remembered that salads are of 
more value than cooked vegetables. The extent to which the anti- 
scorbutic factor is destroyed during cooking depends chiefly upon 
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the time employed. When supplies are limited vegetables should 
be cooked separately and for as short a time as possible : tlaey should 
not be cooked for long periods vith meat in sounds or stews. 

Preserved foods, Vvith a few exceptions, may be regarded as 
devoid of the anti-scorbutic principle. Lemon juice retains some 
value in this respect ; canned tomatoes ^and presumably other timied 
acid fruits) have also anti-scorbutic value. Canned vegetatles cm 
useless for prevention of scurvy, as also are dried vegetables. 

Infantile scurvy must be considered separateh’ as many of the 
above foodstuffs are unsuited to infants or young children. To avert 
danger all artincially nourished infants should receive an extra anti- 
scorbutic. Cow's milk, even when raw, is not rich iir the anti-scorbutic 
vitamine ; when heated, dried, or preserved, the amount contmired 
is still further reduced. The most suitable anti-scorbutic material to 
use is fresh orange juice, 1-B or 4 teaspoonfuls (5-15 c.c.) daily, 
according to age. Ptaw swede (or, if unavailable, turnip) juice is a 
potent anti-scorbutic, and an excellent substitute for orange juice : 
to obtain the juice the clean cut smiace is grated on an ordinary 
kitchen grater and the pulp obtained is squeezed in muslin. Tomato 
juice, even from canned tomatoes, and grape juice can also be used ; 
the latter is, however, less potent than orange juice, and a larger dose 
should be given. 

Pregnant and nursing mothers. If babies are breast fed it is 
important that the pregnant and nursing mother should receive an 
adecj[uate supply of anti-scorbutic food in her diet. The popular 
belief that green vegetables are harmful in such cases is often without 
foundation. Infantile scurvy is not unknown in breast-fed children. 

It is evident that many of the above deficiency diseases are rife 
among the populations of Central and Eastern Europe. ^ It is essential, 
therefore, that the principles set forth in the preceding paragraphs 
should be fully understood by all persons engaged in administering 
relief to these districts. 

Signed on behalf of the Committee, 

F. G-. HOPKINS, Chairynan. 
HAEEIETTE CHICK, Secretary. 


June. 1919. 


[Correspondence- slioidd he addressed to 
The Secretary, 

The Committee on Accessory Food Factors, 

The Lister Institute, 

Chelsea, London, S.W. 1.; 
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The Distribution of the Three Accessory Factors in the 
Commoner Foodstuffs. 



Fat- 

soluilc 

+ Of 

IVater-soui- 
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Anti- 


razkitic 

Geri-berii 

SCOrhutiC 

Classes o " hodsti-fr. 

facto^\ 

factor. 

factoi . 

Fats at d oils. 
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0 
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+ 
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+ 
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6 
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,, sldm ,, 

0 

+ 

+ 

,, dried whole 

less than — -f- 

+ 

k-ss thauv-r 

„ boiled „ ■ 

Undeter- - 

+ * 

79 


mined 
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Chases cffocdsUiJj. 
Tsgetalks aiid fruits. 

Cabbage, fresh 

„ cooked 
.. dried 

.. canned 

Swede, raw expressed juice 

Lettuce 

Spinach (dried. 

Carrots, fresh raw 
„ dried 

Beetroot, raw, expressed juice 
Potatoes, raw 
,, cooked 

Beans, fresh, scarier runners, raw 
Onions, cooked 
Lemon juice, fresh 

,, preserved 
Lime juice, fresh 

,, preserved 
Orange juice, fresh 
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Tomatoes (canned) 
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Meat extract 
Malt extract 
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